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The present invention relates to the molecular 
cloning of gintt encoding transferrin receptor end in 
particular to the cloning of transferrin receptor genes 
5 fron Kcrexell* (Brenhasmlla) catarrh&lls. 
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MorAX«f21« ^8rAn/30Ml2a; catarrhali«f bacteria art 
Gram-negative diplococcal pathogens which arm carriad 
asymptomatically in tha haalthy human reapiratory tract. 
In racant years, M. cattrrhalia has bean recognized as an 
important cauaativa agent of otitis madia. In addition, 
Jf. cmtmrrhtlls haa bean aasociatad vith sinusitis, 
conjunctivitis , and urogenital infections, as wall as 
vith a number of inflammatory diseases of the lover 
raapiratory tract in children and adults, including 
pneumonia , chronic bronchitis, tracheitis, and emphysema 
(refe. X to 8). (Throughout this application, various 
references are cited in parentheses to describe more 
fully the state of tha art to which thia invention 
pertains. Full bibliographic information for each 
citation ia found at the end of the specification, 
immediately preceding the claims. The disclosures of 
these references are hereby incorporated by reference 
into the present disclosure) • Occasionally # M. 
cmt*rrh*li* invades to cause septicaemia, arthritis, 
endocarditis, and meningitis (refs. 9 to 13). 

Otitis media is one of tAi most common illnesses of 
early childhood; approximately 80% of all children 
suffer at laast one middle ear infection before the age 
of three (ref. 14). Chronic otitis media has been 
ass cisted with auditory and sp oh impair© nt in 
children, and in some cas s, has been ass elated vith 
learning disabilities. C nventi nal treatment for 
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otitis media include antibiotic adainistrati n and 
surgical procedurea, including tonsillactomiea, 
adanoidectcmiee, and tyapanocanteais. In tha Unitad 
States, traatmant eoata for otitis madia ara estimated to 
be between ona to tvo billion dollars per year. 

Zn otitia media caaaa, M. catarrh&llM commonly ia 
co-iaolfcted from middle oar fluid along with 
Streptococcus pneumoniae and non-typabla Haemophilus 
inTluensae, which ara beliavad to be raaponaibla for sc% 
and 30% of otitia madia inf actions, respectively. M. 
catarrhal la is believed to be raaponaibla for 
approximately 20% of otitis madia infections (raf. 15). 
Epidemiological reports indicate that the number of cases 
of otitis media attributable to M. catarrhal!* is 
increasing, along with the number of antibiotic-resistant 
isolates of M. vatarrhalla . Thus, prior to 1970, no 0- 
lactamase-producing M . catarrhal la isolates had been 
reported, but ainca tha mid-sevent ias, an increasing 
number of 0-lactamase-expressing isolatea have been 
detected* Reoent surveys suggest that 75% of clinical 
Isolates produce ^-lactamase (ref. 16, 26). 

iron is an essential nutrient for the growth of many 
bacteria* Several bacterial species, including H . 
catarrhal!*, obtain iron from the host by using 
transferrin racaptor proteina to captura transferrin. A 
number of bacteria including Saiaamria meningitidis (raf . 
17), V. gonorrhoeae (raf. 18), Haemophilus Influansaa 
(ref. If), aa wall as tf. catarrhalis (raf. 20), produce 
outer membrane proteina which specifically bind human 
transferrin. Tha expression of these proteins is 
regulated by the amount of iron in the environment* 

The two transferrin racaptor proteina of M. 
catarrhal la, dee i gnat ad tranafarrin binding protein l 
(Tfepl) and tranafarrin binding protein 2 (Tbp2), have 
molecular weights of 115 kOe (Tbpl) and approximately 60 
M -kD» (Tbp2|= unlike -the transferrin receptor. 



proteins of ther bacteria which have an affinity for 
epotransferrin, the H. catarrhmlim Tbp2 receptors hava a 
preferred affinity for iron-saturated fi.e., ferri-) 
tranafarrin (ref . 21) . 
5 M. ^tArrkali* inf action may laad to aerioua 

disease It would ba advantageous tc provide a 
recombinant source of tranafarrin binding proteins as 
artigens ir. iaauno;enie preparations including vaccinas, 
carriers for othar antigens and imauncgens and the 
0 generation cf diagnostic reagenta. The genaa encoding 
tranafarrin binding proteins and fragments thereof are 
particularly desirable and useful in the specific 
identification and diagnosis cf Keraxelia and for 
immunization against disease caused by ¥. ctt&rrhalls and 
5 for the generation of diagneatic reagents. 

The present invention is directed towards the 
proviaion of purified and isolated nucleic acid molecules 
encoding a transferrin receptor of a strair. of Morwrella 
0 or a fragment or an analog of the transfer receptor 
protein. The nucleic acid aolecules provided .. rein are 
useful for the specific detection of atraina of Moraxella 
and for diagnosis of infection by Woraxell*. The 
purified and iaolated nuclaic acid molecules provided 
25 herein, such as DMA, are aleo useful for expreeeing the 
t*p genes by rscombinar.t DMA aaaas for providing, in an 
economical manner, purified and iaolated transferrin 
receptor proteine as well as subur.lts, fragoents or 
analogs thereof. The transferrin receptor, suour.its or 
30 fragments thereof or analoge thereof, as well aa nucleic 
a«id molecules encoding the ease and vectors contain iny 
.uch nucleic acid moleculee, are useful in immunogenic 
expositions for veccinsting egainst dissaaee cauaed by 
**r*x*llm, the diagnosis of infection by Moraxelia and aa 
3S too le for the generation of immunological reagenta. 
Monoclonal antibodiee or mono-epecif ic antiaera 
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r combinant pr tain aa provided herein, and a 
pharmaceutical^ acceptable carriar therefor or vactor 
tharafor. Tha at laaat ona active component producee an 
immune raaponaa whan adminiatered to a heat. 

Tha immunogenic eoapositiona providad harein may ba 
formulated aa vaccinaa for in vivo administration to a 
hoat. For auch purpose, the compoaitiona way be 
formulated aa a microperticle. capeule, ISCOSt or lipoeome 
preparation. The immunogenic composition may be provided 
in combination with a targeting molecule for delivery to 
specific cells of tha immune ayatem or to mucosal 
surfacee. The immunsganie compositions of the invention 
(including vaccines) may further comprise at least ona 
other immunogenic or inmunoatiaulating material and the 
iamunoetimulating material may ba at laaat one adjuvant 
or at least one -cytokine. Suitable adjuvants for use ir 
the present invention include (but axe not limited tc: 
aluminum phosphate, aiu»inua hydroxide, QS21, Quil A. 
derivatives and components thereof, ISCOM matrix, calciun 
phoephata, calcium hydroxide, sine hydroxide. a 
glycolipid analog, an octadecyl eater of an amino acid, 
• muramyl dipeptide pclyphoepharene, ISCOPREP, DC-chol. 
DDmA and a lipoprotein. Advantageous combinations of 
adjuvants are described in copending United States Patent 
Applications Woe. C8/261,194 filed June 16. 1994 and 
08/4«3.e5«, flla* Jur.a 7, 1995. aasigned to the assigr.ee 
hereof and the disclosure of which is incorporated harain 
by reference thereto. 

in eccordanca with another aapect of the invention, 
there is provided a method for generating an immune 
response in a host, comprising tha step of administering 
to a eueceptible hoat. auch aa a human, an affective 
•mount of the immunogenic eompoeition aa recited above. 
Th. inuM reaponee may be a humoral or a cell-mediated 
tannine response and may provide protection egeinet 
dieaeae caueed by MorexeJla. Hosts in which protection 
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plaemid adapted for axpreaaion of Tbpl ia pLEK29 and that 
5 '^•?fr^-»f. or i-g^fiirtl'Oli. of Tbp2 ia pLO!33. 

•-.^ ^58«h^aTiditio.nal aapact of the invention, thara is 
providad a traneformed hoat containing an axpreaeion 
5 vactor as providad harain. Tha invantion furthar 
includas a recombinant tranafarrin racaptor protein or 
fragment or analog theraof of a atrain of Moraxella 
producibla by tha tranaformed hoat. 

Such recombinant tranafarrin racaptor protein nay ba 
required -in— aubetantially pur* form .according to a 
' ^-.^^tuTiaii8HeWKt of **»• invention, which compriaea a method 
of forming a •ubatantially pure recombinant tranafarrin 
receptor protein, which compriaaa growing the trenaformad 
hoat providad harain to expreea a tranafarrin racaptor 
15 protein aa inclueion antibodiea, purifying the incluaion 
bodiaa free from cellular material and eoluble proteins, 
aolubiliring tranafarrin receptor protein from the 
purified incluaion bodiaa, and purifying the tranafarrin 
receptor protein free from other eolubiliiad materiale. 
•-^ --20 ^Tha^«u6at*#t:ially pure recombinant tranafarrin receptor 
protein *may ' cempr iae Tbpl alone, Tbp2 alone or a mixture 
thereof. The recombinant protein ia generally at laaat 
about 70% pure, preferably at laaat about 90% pure. 

rurthar aapecta of the praaent invention, therefore, 
25 provide recombinant ly-producad Tbpl protein of a atrain 
of Koraxella devoid of the Tbp2 protein of the Koraxella 
atrain and any other protein of the Moraxella atrain and 
racoabinantly-produced Tbp2 protein, of a atrain of. 
Neraxalla ' r devoid of tha Tbpl protein of tha Koraxella- 
30 .train *erid -any other protein of the Koraxella atrain. 
The normrella atrain may be K. catarrhali* 4223 atrain or 

n. e*t*rrh*li» Qe. 

in accordanca with another aapact of the invention, 
an imaunoganic coapoaition ia provided which compriaea at 
33 leaet one active component eeleota** from at le*e* one 
nucleic acid molecule *a provided herein and at laaat one 
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protein from another » train of Meraxmllm. 

In an additional aspect, th* present Invention 
include* a vector adapted for transf ormation of a host, 
comprising a nucleic acid molecule aa provided herein and 
nay have the characteriatice of a nucleotide sequence 
contained within vectors LEM3-24, pLBM25, pLZH23, SUUJ-A, 
DS-1698-1-1, DS-1754-1, pSLRDl, pSLRD2, pSLRD3 and 
pSLRDA . 

The vector may be adapted for expreeaion of the 
encoded traneferrin receptor, fragment* or analog* 
thereof, in a heterologous or hoaologou* host, in either 
a lipidated or non-lipidated form. Accordingly, a 
further aspect of the present invention provide* an 
expression vector adapted for transformation of a host 
comprieing a nucleic acid aolecule as provided herein and 
expression means operatively coupled to the nucleic acid 
molecule for expreeaion ay the host of the transferrin 
receptor protein or the fragment or analog of the 
transferrin receptor protein. In specific embodiments of 
this aspect of the invention, the nucleic acid aolecule 
may encode substantially all the transferrin receptor 
protein, only the Tbpi protein, only the Tbpa protein of 
the Moraxmllm strain or fragments of the Tbpl or Tbp2 
proteins. The expression means may include a promoter 
and a nucleic acid portion encoding a leader sequence for 
secretion from the host of the transferrin receptor 
protsin or the fragment or the analog of the traneferrin 
receptor protein. The expression means also may include 
a nucleic acid portion enccding a lipidation signal for 
•xprsssien from the host of a lipidated form of the 
transferrin receptor protein or the fregment or the 
analog of the traneferrin receptor protein. The boat may 
be selected from, for example. Escherichia coli, 
Bordmtmllm, sacillus, Haemophilus, Moraxella, fungi, 
yeast or beeulovlrue and Semlilci roreet. virue expreeeion 
- *y*t«B5 say be -used. In a particular embodiment the 
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(antibodies) raised against the transferrin receptor 
protein produced/ in accordance with aspecta of the 
present invention are useful for the diagnosis of 
infection by Mor&xtlla] the specific detection of 
Mora*eIia (in/ for example, In vitro and In vivo assays) 
and for the treatment of diseases caused by Moraxelia. 

In accordance with one aspect of the present 
invention, there is provided a purified and isolated 
nucleic acid molecule encoding a transferrin recsptcr 
protein of a strain of Mcraxella, mere particularly, s 
•train of #f. catarrhal!*, specifically M. catarrhal^; 
strain 4223 or Q8, or a fragment or an analog of the 
transferrin receptor protein. 

In cne preferred embodiment of the invention, the 
nucleic acid aolecule may encode only the Tbpl proteir. of 
the MoraxQlla strain or only the Tbp2 protein of the 
tforaxella strain. In another preferred embodiment of the 
invention, the nucleic acid may encode a fragment of the 
transferrin receptor protein of a sirain of Horaxella 
having a conserved amino acid sequence which is 
conserved . 

In another aspect of the preeent invention, there is 
provided a purified and isolated nucleic acid molecule 
having a DNA sequence selected from the group consisting 
of (a) a DNA sequence as set out in Figure 5, 6 or 9 
(SSQ ID Moe: 1, 2, 3, 4, 3 or 6) or the complementary DNA 
sequence of any one of said sequence*; (b) a DNA 
sequence encoding an amino ecid sequence as set out in 
rigure 5, 6 or 9 (SEQ ID Nos: 1, 8, 9, 10, 11 or 12) or 
the complementary DKA sequence thereto; and (c) a DNA 
sequence which hybridise* under stringent conditions to 
any one of the DNA sequences defined in (a) or (b) . The 
DNA sequence defined in (c! preferabl> hae at least about 
90% sequence identity with any one of the DNA sequences 
defined in (a) and (b) . The DNA eequence defined in (c) 
may be that encoding the equivalent transferrin receptor 
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•gainst disease may b« conferred ineluda primatae, 
including humane. 

in a further aspect, there ia providad a liva vector 
for dalivary of tranafarrin racaptor to a hoat, 
comprising a vector containing tha nuclaic acid molecule 
aa daacribad abova. Tha vactor may ba aalacted from 
Salmonella, BCG, adenovirus, poxvirus, vaccinia and 
poliovirua. 

•ma nuclaic acid moleculee providad harain ara 
uaaful in diagnoatic applications. Accordingly, in a 
further aspact of tha invention, thara is providad a 
method of determining tha preeence, in a sample, of 
nucleic acid encoding a transferrin receptor protein of 
a atrain of Moraxella, comprising the etepe of: 

(a) contacting the aample with a nucleic acid 
molecule aa provided herein to produce duplexes 
compriaing the nucleic acid molecule encoding tha 
transferrin receptor protein of a strain of Moraxella 
present in the aanpla and specifically hybridizable 

therewith; and 

(b) determining the production of the duplexea. 
In addition, the present invention provides a 

diagnostic fcit for determining the presence, in a aample, 
of nucleic acid encoding a traneferrin receptor protein 
of a strain of Moraxella, comprising: 

(a) a nuclsic acid molaculs as provided herein; 

{b) Beans for contacting the nucleic acid molecule 
with the aample to produce duplaxee compriaing the 
nucleic acid molecule arid any such nuclsic acid preeent 
in the sample and hybridixable with the nucleic acid 

molecule; end 

(o) means for determining production of the 

duplexes. 

Tbm Invention further includes the use of the 
nuclaic ecid molecules a *d proteine provided herein aa 
m*dleinee. The invention edditionally includea the uae 
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of the nucl ic acid molecules and pr tsins provided 
herein in the manufacture of medicaments for protection 
against infection by strains of Mersxalla. 

Advantages of the present invention include: 

- en isolated and purified nucleic acid molecule 
encoding a transferrin receptor protein of a strain of 
Moraxsila or a fragment or an analog of the transferrin 

receptor protein; 

recombinantly-produced transferrin receptor 

proteins, including Tbpl and Ttep2, free from eacn other 

and other Jforaxella proteins; end 

- diagnoetic Kits and imr^nological reagents for 
epecific identification of 5tora*ei2a. 

The present invention will be rurther und«s«cd 
from the following description with reference to the 

drawings, in which: 

Figure 1 s>vws the amino acid sequencee (3£3 ID Nos: 
13 and 14) used for synthesis of degenerate pri*ers used 
for PCR amplif icatiion of a portion of th* M. =• tarsal is 

4223 WPA gSRSJ ^ 

Figure 2 shows a restriction map of cone LEM3-<4 
contain, the tbpA and ttp* g.ne. -Tom «. catarrhal;* 

isolate 4223; 

Figure 3 shows a restriction map cf the tbpA gane 

for M. cstsrr/ialis 4223; 

Figure 4 show. . restriction nap of the tbpB gsne 

for K. cataxrnsli* 4223; 

Figure 5 ehovs the nucleotide sequence of the tip* 
gens <8BQ 13 Hot 1 - "tire sequence and S£Q ID Not 4 - 
coding e-guenoe) and xkm dsduced amino acid e.quence o. 
che Tbpl protein fro. «. c*frrh*U' 4223 (8EQ ID No. 7 - 
full length and SEQ ID No: • - mature protein). The 
leader eeque»«. <»«Q » No. 2S> is shown by underlining : 
figure • shows the nucleotide sequence of the tbpB 
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gene (SEQ ID Ho: 3 - entir • quenc and SEC 10 No: 4 - 
coding eequence) end the deduced anino acid eequence of 
the Tbp2 prot.Hi froa M. catarrhal* 4223 (SEQ 10 Nee: 9 
- fall length and SEQ ID Ho: 10 - aature protain) . Tha 
5 leader eequence (SEQ ID No: 26) is shown by underlining; 

Figure 7 shews a restriction nap of clone SLRD-A 
containing the tbpA and thrB ger.ee froa M. catarrhal!* 
Q8 t 

Figure 8 ehowe a restriction »ep of the thpA gene 
10 froa M. catarrhal!* Q8; 

Figure 9 shove the nucleotide sequence of the tbpA 
gene (SEQ. ID No: 5 - entire sequence and SEQ ID No: 6 - 
coding eequence) and the deduced aaino acid eequence of 
the Ts?i prcteir. froa M. catarrhal!* Q8 (SEQ ID No: 11 - 
15 full length end SEQ ID No: 12 - aature protein); 

rigure 10 ehows a coaparieon ef the anino acid 
..quencee of Tbpl froa H. catarrhal!* etrain 4223 (SEQ ID 
Me: 7) and Q8 (SEQ ID No: 11), 8. Sjiflumnaam strain Eagan 
(SEQ ID No: 15) r 8. aaninaitidi* strains B16B6 (SEQ ID 
20 No: 16) and M932 (SEQ ID No: 17) , and S. gonorrhoeae 
etrain FA19 (SEQ ID No: 18); 

Figure 11 shove a coaparieon of the amino acid 
eequences of Tbp2 from M. catarrhal!* isolate 4223 (SEQ 
ID No: 9), B. influenzae strain Eagan (SEQ ID No: 19), N. 
25 meningizldl* strains B16B6 (SEQ ID No: 20) and M918 (SEQ 
ID No: 21), and fl. oonorrhoeae strain rAi* (SEQ ID No: 

m\2) § 

Figure 12 ehows the construction of plaenid pLEM29 
for expreeeion of recoabinant Tbpl protein fro. t. col!; 
30 Figure 13 shove the expreeeion of Tbpl protein by S. 

eoli cells treneforaed with plaaaid pLEK29; 

Figure 14 shows a flow chart for purification of 
recombinant Tbpl protein; 

Figure 14 shows an SDS-PACE analysis of purified 
3« reeoabinant Tbpl protein; end 

Figure 1« ehowe the cenetruction of e plaaaid PLEH33 
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f r expr s.i n of Tbp2 in 2. eoli. 

Any Horaxell. .train may be conveniently ueed to 
provide the purified and i.olated nucleic acid, which may 
be in the form of DSA moieculee, comprising at least a 
portion of the nucleic acid coding for a transferrin 
receptor a. typified by embodiment, of the present 
invention. Such .train, are generally available fro. 
clinical source, and from bacterial culture collection., 
euch a. the American Type Culture Collection. 

in this application, the term, "tran.f errin 
receptor- («*> *nd "transferrin binding protein." (Tbp) 
are u.ed to define a family of Tbpl and/or Tbp2 protein, 
which include, tho.e having variation, in their amino 
acid ..guence. including tho.e naturally occurring ,n 
various .train, of, for example Kor~.ll-. The purified 
and i.olat.d DNA molecule. compri.ing at l.a.t a portion 
coding for tran.frrin receptor of the pre.ent invention 
.leo include tho.e encoding functional analog, of 
transferrin receptor protein. Ttpl and Tbp2 of Moraxelle- 
in thi. application, a fir.t protein i. a "functional 
analog" of a eecond protein if the fir* proteir _i. 
immunologically related to and/or ha. the same function 
a. the ..cond protein. The functional analog may be, for 
sample, a fragment of the protein, or n .ub.titutxon. 
addition or deletion mutant thereof. 

Chromo.om.1 DNA from M. catarrhal!. 4223 was 
digested with S.U3A in order to generate fragment, within 
, Ms to 23 V* .1.. rang., and cloned into the BamHI ext. 
of th- lambda vector Q»L3. The library wa. ecr..n.d 
vl*h enti-Tbpi guin~ pig enti.ere, and a po.itiv. clon. 
LEK3-24, containing an in.ert approximately 13.2 Kb in 
•ize wee .elected for further analy.i.. Ly.ate from S. 
9 coll US392 infects with I**3-24 wa. found to contain a 
protein approximately 115 *D. in .!»., which reected on 
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w at em bl te with anti-Tbpl antieera. A ■•eond pr tain, 
approximately 80 kDa in eiae, reacted with the anti-Tbp2 
guinea pig antiaara on waatam biota. 

in order to localise tha tbpA gene on tha 13.2 kb 
5 inaart of LEM3-24, degenerate PCR primere waro uaad to 
amplify a aaall region of tha putativa tbpA gene of M. 
catarrhalie 4223. Tha aaquancaa of tha degenerate 
oligonucleotide priaera ware baead upon conaervad eaino 
acid aaquancaa within the Tbpl protaina of aeveral 
10 tfissTi* and Haeaophilus spaciea Figure 1 (SEQ ID Noa: 
13 and 14). A 300 baae-pair amplified product waa 
generated and ita location within the 4223 tbpA gene ia 
indicated by bold lettera in Figure 5 <SEQ ID *©« 2<> • 
The* amplified product waa aubclcned into the vector 
15 pCRIJ, labelled, and uaad to probe a Southern blot 
containing reatriction-endcnucleaae digeated clone LEK3- 
24 DNA. The probe hybridised to a 3.8 Kb HiadXXX- 
HindlXI, a 2.0 kb Avrll-Avrll, and 4.2 kb Sall-Sphl 
fragment* (Figure 2). 
20 The 3.8 Xb HiJJdIII-tfindlll f regnant waa eubcloned 

into PACYC177, and eequaneed. A large open reading frame 
vaa identified, and aubaaquently found to contain 
approxiaateiy 2 kb of the putative tbpA gene. The 
remaining i kb of the t&pA gene waa obtained by 
aubcloning an adjacent downatreaa /findlll-tfindlll 
fragment into vector pACYC177. The nucleotide aequence 
of the tbpA gene from M. catarrhalia 4223 (SEC ID Nc: l) . 
and the deduced aaino acid aequence (SEQ ID No: 9) are 

ahown in Figure 5. 

Chrcnoeoaal DNA from H. catarrhalia atrain Q8 waa 
tigeeted with SauJA X and 15-23 kb fragaenta ware ligatad 
with BeaH X araa of EKBL3. A high titre library waa 
generated in E. cell x.«»2 cella and waa acreened uaing 
oligonucleotide probee baaed on tha 4223 tbpA aequence. 
35 Phage DMA waa prepared and restriction anryae analyaia 
revealed that inaerta of about 13-15 kb had been cloned. 
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Phaq clon. SLRD-A was used to subclone tragm nts tor 

JZnl. an.ly.is. A cloning v.ct r (pOTMA) v.. 

;jL.t. d to facilitate cloning of 

pl.-mid. pSLWl. pSLRB2, pSI*D3. «* P«» 

gen«rat.d which contain all of tbpA and most of tbpB. 

Th. nucleotide (SFQ ID No: 5 and 6) and deduced amino 

rdd serene. (S M ID ... 11 - tull I-***' 

. meturY protein, of the tbpA ««• from strain Q8 are 

I^^ino acid seance for th. *bpi protein 
.needed by the tbpA gen. v.. found to share some homology 
with the amino acid sequence, encoded by gene- from a 
number of -alffari. and H.eaophilu. .peci.s (5igur. -0; 

SEQ ID Noc: 15, 16, I 7 ^ 18 > • 

Prior 'to th. pr...nt di.cov.ry. tbpA ,.n« 

jUrtiaoWeill". im b..n found to b. pr<«.d.d by • tbpB 
£T.ith ..v~.l =on.«v*d r„ion.. T». t«o ,.r... 
typiclly «. »p«.t.d by . .hort ln«rg«ic ..<ju.no.. 
He~v«. • tt* =.» «. not found up.trw. of th. tbpA 
in «. =.«rrh.li. «2,. X. ord« to 1~£» ^ 

d.«r.t. oU,onu=l.=tld. prob. -.. .ynth..l«d b..* upon 

„on, Tbpa prot.ln. of ..v."! .p.01... -h. 
„li£,ucl.otld. ... 1—lUd — <— « i— « SOU f " 
Dlet contain, diif.r.nt r..tri=tion .ndonucl.... 
f„^.nt. of don. UM-M. a. Pr=b. hybridl^ to . 
,9 ».I-5.« fr.<n..nt. .blob .ub..qu.ntly v« 
.ubolon- into p«u». .n* ■•*>«>«<' Ih * 

—LlMd —t Of th. pUftlV. tb P B «ltb th. 

ZZ£> of th. pro~~ r„ion. Th. olon. »»-.. «. 

to obfln th. r«..lntno »p.tr.« .«,».no.. Th. 
Zt «_ «• loct- .ppr.xl«t.ly 3 Kb d~n.tr... fro. 

option - thT»ph .nd «p. U — 



rife 
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*nd Jfeia.eria. Th. nucl Otide eequence (SKQ 10 Hoi 3) of 

the tfcpB gene from K. catarrhal!. 4223 and the daducad 
■ ' « Bl no acid aaquanca (8EQ XD No: 9) ara ahown in Figura 6. 

Regiona of homology ara avidant batwaan tha H. ". - 

5 eatarrhaila Tbp2 amino acid aaguanoa and tha Tbp2 . .. 

mm aaquence. of a number of tfelaeeria and H-aaophilu. ^ 

apeciee, aa ahown in tha comparative alignment in Figure ^-j , 

(SEQ ID Noat 19 to 22) . 

Amino acid aeg^encing of the N-termini and cyanogen 

mm 10 bro «ide fragment, of tranafarrin racaptor from M. ^ 

-.: ctarrhaiia 4223 waa ondertaxan. Both N-termini of Tbpl 

: aBd Thp2 vara blocked. Tha putativa aignal aaquancaa of a~ 

Tfcpl Tbp2 era indicated by underlining in Figuree 3 _^ 
« (SEQ ID Noa: 25 and 26) raapactivaly. Tha daducad |_ 
xs amino acid aaquancaa for th. N-terminei region of Tbp2 
■uggeata a lipoprotein atructur a. 

Reeulte ehovn in Table 1 below illuatrata the 
13 ability of anti-Tbpl and anti-Tbp2 guinea pig antiaera, 1^- 

: - • • produced by tha immunisation with Tbpl or Tbp2 to lyze M. ■ ■■ 

20 catarrhalia. Th. reaulta .how that the antiaera produced 
: }& • by iamunization with Tbpl or Tbp2 protein i.olated from 

j». cataxrhali* Uolata 4223 ware bactericidal againat a I— 
homologoua non-clumping M. eatarrtalis strain RH4C8 (a 
#tr .i„ pravioualy deposited in connection with United 
25 stata a Patent Application No. OS/328,589, aaaigned to the ^ 
.-^ BMl9nM hereof, with th. American Type Cultur. ^ 

Collection, located at 1301 Parklavn Driva, RocXville, 

- Maryland 20852, USA under th. term- of th. Budapeat 
^ Treaty on December 13, 1994 under ATCC Depo.it No. _ 

- J 30 55, «37) darived from i.ol.t. 4223. In addition, anti.ara 

produced by immunization with Tbpl protein iaolated from 
M estmrrhmlim 4223 were bactericidal againat the 
— - heterologous non-clumping .train Q8 (a gift from Dr. M.C j~< 

— * Bergeron, Centre Hoapitalier de 1'Univereite Laval. St. 

35 roy , Quebec) . 

The ability of iaolated and purified tranafarrin - 
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binding protein to g nerate bactericidal antibodies is in 
vivo videnee of utility of these protaina aa vaccines to 
protect againat diaaaea caused by Xoraxalla . 

Thua, in accordance with ar.cthar aspect of tha 
present invention, there ia provided a vaccina against 
Moraxmll* comprising an imaunogenicelly-affactive amount 
of transferrin binding protein and a physiologically- 
acceptable carrier therefor. The tranaferrin binding 
protein provided herein aay also be used aa a carrier 
protein for haptens, polyaascha rides or peptide* to make 
conjugate vaccinas against antigenic determinants 
unrelated to tranaferrin binding proteins. 

The tranaferrin binding protein provided herein is 
usaful aa a diagnostic reagent, aa an antigen or for the 
generation of anti -tranaferrin protein binding 
antibodies, antigen for vaccination against the disease 
caused by spaciee of Koraxeila and for detecting 
infection by Koraxella and other such bacteria. 

In additional embodiments of the present invention, 
the tranaferrin binding protein «e provided herein nay be 
us«d aa a carrier molecule to prepare chimeric molecules 
and conjugate vaccines (including glyeocon jugate.) 
sgainst pathogenic bacteria, including encapsulated 
bacteria. Thus, for example, glycoeorjugatas of the 
present invention may be used to ccnfer protection 
•gainst disease and infection caused by any bacreria 
having polyaacehar ids antigena including 
lipooligosaccharidee (LOS) and PRP. Such bacterial 
patbogene aay include, for example, Haemophilus 
iaflusnsae, Strsptococeu* pneumoniae, XMchmrichi* coii, 
S.ie.erla jssnlnaitidis, Salaonella typhi. Streptococcus 
autsnts, Cryptococeus neoforxana, Klmbmlmllm, 
Staphylococcus aureus and Peeudomcnss ••rvglnof. 
Psrticulsr antigens vhich can be conjugated to 
transferrin binding prefin and aethoda to acniev. *ueh 
conjugations sre deecribed in publiehed PCI epplicetion 
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wo 94/12641, assign d to the assignee hereof and the 
disclosure of which is hsrsby incorporatsd by rsfsrsncs 
thereto. 

In another embodiment, the carrier function of 
transferrin binding protein may be used, for example, to 
induce an immune response against abnormal 
polysaccharides of tumour celle, or to produce anti- 
tumour antibodies that can be conjugated to 
chemotherapeutic or bioactive agents. 

The invention extends to transferrin binding 
protsins from Moraxella c*t*rrkmll* for use ae a 
pharmaceutical substance as an active ingredient in a 
vaccine against disease caused by infection with 
Mnrnx*! 1* - The invention also extends to a 

pharmaceutical vaccinal composition containing 
transferrin binding proteins from tforajrella catarrhal!* 
and optionally, a pharmaceutical^ acceptable carrier 
ar.i. or diluent. 

in a further aspect the invention provides the use 
zi transferrin binding proteins for the preparation of a 
pharmaceutical vaccinal composition for immunization 
•gainst disease caueed by infection with Moraxell*. 

It is clearly apparent to one skilled in the art, 
that the varioua embodiments of the pressnt invention 
have many applications in the fields of vaccination, 
diagnosis, treatment of, for example, Moraxella 
inactions an £ xfr m ganaration of immunological and other 
diagnostic reagents. A further non-limiting diecuesion 
of such uses is further presented below, 
X. TaeoiAe Preparation and 3 as 

Immunogenic compositions, suitable to be used as 
vaccines, may be prepared from immunogenic transferrin 
receptor proteins, analogs and fragments thereof encoded 
by the nucleic acid molecules as well as the nucleic acid 
molecules disclosed herein. The vacoine elicits an 
immune response which produces antibodiee, including 
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anti-transferrir. receptor antibodiee and antibodiee that 
ara opsonizing or bactericidal. Should tha vaccinatad 
aubjact ba challenged by Moraxella, tha antibodiaa bind 
to tha tranafarrin raoaptor and tharaby pravant accasa of 
tha bactaria to an iron sourca which ia required for 
viability, Furthermore, opsonizing or bactarieidal anti- 
tranaferrin raeeptor antibodiaa nay also provida 
protection by altamativa mechanises. 

Immunogenic compositions including vaecinaa may be 
prapared aa injectables, aa liquid aolutiona cr 
emulsions. Tha tranafarrin racaptor proteins, analogs 
and fragmenta tharaof and ancoding nuclaio acid moleculas 
may ba mixed with pharmacauticaily accaptabla axcipianta 
which ara conpatible with tha tranafarrin receptor 
procaine, fragments, analogs or nucleic acid moleculea. 
Such excipients may include, water, saline, dextrose, 
glycerol, ■ ethanol, and combinations thereof. The 
immunogenic coEpositions ana vaccines may further contain 
auxiliary aubstancee auch aa wetting or emulsifying 
agents, pH buffering agenta, or adjuvants to enhance the 
effectiveneee of the vaccines, Immunogenic compositions 
and vaccines may be adminiatered parenterally , by 
injection subcutaneously , intradarmally or 
intramuscularly, xiternatively, the imaunogenic 
compoaitiona formed according to the preaent invention, 
say be formulated end delivered in a manner to evoke an 
immune reeponee at mucoeal eurfaeee. Thua, the 
immunogenic composition may be adminiatered to mucoeal 
eurfeces by, for example, the nasai or oral 
(intragaetric) routee. The imaunogenic compoeition may 
be provided in combination with a targeting molecule for 
delivery to specific celle of the immune system or to 
mucosal eurfaces. Seme euch targeting moleoulee include 
vitamin »12 and fragments of becterial toxins, aa 
describe in wo «2/17i«? (Biotech Xuetrelia »cy. Ltd.), 
and monoclonal antibodiee, as described in U.S. Patent 
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KO. 5,194,254 (Barber et ml). Alternatively, other mod • 
of administration including suppositories end oral 
formulations may be desirable. ?or auppo.it or ies. 
binders and carriers nay include, for example, 
polyalxalene glycol, or triglycerides, oral formulation, 
may include normally employed incipient, such a», tor 
example, phermaceutical grada. of ..cellar ine, celluloee 
and aagnesium carbonate. The.. composition, nay take the 
form of .olution., .u.pen.ion., teblet., pill., cap.ule., 
sustained release formulation, or powder, and ccntain 1 
to 95% of the transferrin receptor proteins, fragment., 

analog, and/or nucleic acid molecule.. 

_ j ...4_4„;.*«»»«4 in n DBnr.tr compatible 

Xne vscc»niia ai » — — 

with the dosage formulation, and in such amount a. will 
be therapeutically affective, protective and immunogenic. 
The quantity to be administered depend, on the subject .o 
be treated, including, for example, ths capacity off the 
individual's immune system to synthesize antibodies, and 
if needed, to produce a cell-Bediatad immune response, 
precise amounte of active ingredient required to fce 
administered depend on the judgment of the practitioner . 
However, suitable dosage ranges are readily determinable 
try one eXilled in the art and may be of the order of 
nicrogrems of the transferrin receptor proteins, analogs 
end fragments thereof and/or nucleic acid molecules, 
suitable regime* for initial adainietration and booster 
doe*, are al.o variable, but may include an initial 
adainietration followed by subs.qu.nt administrations . 
The dosage of the vaccine may al.fi depend on the route of 
o edaini.tr.tion and will vary according to the size of the 
host. 

The nucleic acid molecules encoding the tran.f.rrin 
receptor of Korexella may be used directly for 
immunization by adminietretion of the DNA dLrectly, for 
5 example, by injection for genetic immunisation or by 
eonetructing e live vector such it S*l*on*lla, SCO, 
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t xoids is wall established and an KBsAg vaccina haa been 
adjuvanted with alum. Whila the uaafulnaaa of alum ia 
vail established for aciaa applicationa, it haa 
limitationa. Por exampia, alum ia inaffactiva for 
influanra vaccination and inconaistently alicita a call 
radiated ismiuna reaponae. The antibodies alicited by 
elum-adjuvanted antigana ara mainly of the IgCl iaotypa 
in tha mouse, which may not be optimal for protection by 
•or* vaccinal agents. 

A wida range of axtrinaic adjuvanta can provoke 
potent Issuni raaponaaa to antigena. Thaae include 
aaponina complexed to membrane protein antigena (immune 
stimulating eamplaxas) ... pluronic polymers with mineral 
oil, killed mycobacteria and mineral oil, Freund'a 
complete adjuvant, bacterial producrte, auch as auramyl 
dipeptide (KDP) and lipopolyaaccharide (LPS) , aa well as 
lipid A, and lipoaonaa. 

To efficiently induce humoral immune responses (MR) 
and cell-mediated immunity (CMI) , immvuiogena are often 
emulaifiad in adjuvanta. Many adjuvants are toxic, 
inducing granuloaae, acute and chronic inf lamaatione 
(Freund'e complete adjuvant, ECA) , cytolyaia (aaponina 
and pluronic polymers) and pyrogenicity , arthritis and 
anterior uveitis (LPS and MDP) . Although FCA is an 
excellent adjuvent and widely used in research, it is not 
li-jeneed for use In human or veterinary vaccinea becauae 

of its toxicity. 

Desirable characteriatica of ideal adjuvanta 

includes 

(1) lacx of toxicity; 

(2) ability to atimulate a long-lasting immune response; 

(3) simplicity of manufacture and at ability in long-term 
etorage; 

(4) ability to elicit both CXI end HXR to antigens 
administered by varioua routea, if required; 

(9) synergy with other adjuvants; 



(6) capability of •eiectively interacting with 
population* of antigen pr renting calls (APC) t 

(7) ability to specifically elicit appropriate T H 1 or 
T„2 cell-specific immune response*; and 

(8) ability to selectively increase appropriate antibody 
isotype levels (for example, IgA) against antigen*. 

OS Patent No. 4,853,283 granted to Lockhoff et al on 
august 8, 1985 which is incorporated herein by reference 
thereto teaches glycolipid analogues including N- 
glycceylamidee, N-glyeoeylureas and W-giycoeylcarbaaate*. 
.aeh of which is .ubstituted in the eugar residue by an 
amino acid, as imriunc-aoduiators or adjuvants. Thus, 
Lockhoff et al.. 1991 (ref. 24", reported that N- 
glycolipid analogs displaying structural similarities to 
the naturally-occurring glycoiipids, such as 
glyccphospholipids and glycoglycerolipids . are capable of 
eliciting strong iautune re.por.s.s in both herpes simplex 
virus vaccine and pseudorabies virus vaccine. Some 
glycolipid. have been synthesized from long chain- 
•Ikylesina. and fatty acids that are linked directly with 
the sugars through the anoraenc carbon atom, to mimic the 
functions of the naturally occurring lipid residues. 

U.S. Patent No. 4,258,029 granted to Moloney, 
aligned to the ae.ignee hereof and incorporated herein 
by reference thereto, teaches that octad.cyl tyrosine 
hydrochloride (OTH) functions .. an adjuvant when 
complexed with tetanus toxoid and formalin, inactivated 
type I, II and III polionyslitis virus vaccine. Also, 
Mixon-^crg. et .1. 1990, (ref. 25) reported that 
octadeeyl -t.r. of aromatic amino acid, coaplexed with 
. recombinant hepatitis B .urf.c* antigen, enhanced the 
host i»un* responses against hepatitis B virus. 

^Ttrlnsf^rin receptor proteins, analog- and/ or 
fragments thereof of tt.e present invention are useful as 
i^unogens. a. antig.n. in immunoassays including entvm- 
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linked immunosorbent assays (ELISA) # RIAs and othsr non- 
enzyme linked antibody binding assays or proceduree known 
in ths art for ths detsction of enti-Woroxella, 
tranafsrrin receptor protain antibodiee. In ELX8X 
assays, ths transfsrrin receptor protain, analogs and/or 
fragments corrssponding to portions of TfR protain, ara 
immobilizsd onto a aalactad surfaca, for example, a 
surf aca capable of binding proteins cr paptidas such as 
ths walls of a polystyrsna aicrotiter plate. Xftar 
washing to remove incompletely adsorbed transferrin 
receptor, analogs and/or fragments, a non-specific 
protein such as a solution of bovine serum albumin (BSA) 
or casein that is )tnown to be antigenicaliy neutral with 
regard to the test saapls nay be bound to the selected 
surface, This allows for blocking of nonspecific 
adsorption sites on the immobilizing surface and thus 
reducee the background cauasd by non-specific bindings of 
antisera onto the surface. 

The immobilizing surface is then contacted with a 
sample, such as clinical or biologieal materials, to be 
tested in a manner conducive to immune complex 
(antigen/antibody) formation. This procedure aay include 
diluting the sample with diluents, such as BSA, bovine 
gamma globulin (EGG) and/or phosphate buffered saline 
(PBS) /Tveen. The sample is then allowed to incubate for 
from 2 to 4 hours, at temperatures euch as of the order 
of 25* to 37 »c. Following incubetion, the sample- 
contacted surface is washed to remove non-immunoeomplexed 
material. The waahing procedure may include washing with 
a solution such as FBS/?ween or a borate buffer. 

Following formation of specific immunocomplexea 
between the test sample and the bound trensferrin 
receptor prctein, anelogs and/or fragaente and subsequent 
washing, the occurrence, and even amount, of 
imaunocomplex formation may b* determined by subjecting 
-ths i=~un€^a*plex to e secondment ibody having spsoif icity 
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for the first antibody. If the teat sampl ie f human 
origin, tha eeoond antibcdy i an antibody having 
apacif icity for human immunoglobuline and in ganaral IgG. 
Tc provida datacting aaana, tha aacond antibody may hava 
an aaaociatad activity auch aa an antymatic activity that 
will generate, for example, a. color development upon 
incubating with an appropriata ehronogenie aubetrate. 
Quantification may than achiavad by measuring tha dagraa 
of color generation using, for example, a 
apactr ophotomatar . 

t. uaa of ae«uemoes aa Hybridisation Probe* 

Tha nuclaotida saquencea of the present invention , 
comprising tha sequence of tha tranaferrin receptor gene, 
now allow for tha idantif ication ar.d cloning of the 
transferrin racaptor ganas from any speciee of Moraxmlla. 

Tha nuclaotida sequences coxaprising tha saguanca of 
tha transferrin racaptor ganas of tha prasant invention 
ara useful for thair ability to aalactivaly form duplex 
molecules with complementary atretchaa of other TfR 
genes. Depending on the application, a variaty of 
hybridization conditiona may be employed to achiava 
varying dagraes of selectivity of tha probe toward tha 
other TfR genes. For a high degree of ealectivity, 
relatively stringent conditions ara uaad to form the 
duplexes, such as low salt and/or high temperature 
conditions, auch aa provided by 0.02 M to 0.15 M HaCl at 
tamperaturaa of between about 50*C to 70'C. For aome 
applications, lass stringent hybridization conditions ara 
required auch as 0.15 M to 0.9 M salt, at tamperaturaa 
ranging from between about 20 # c to 55*C. Hybridization 
conditiona can alao be rendered more stringent by the 
addition of increaaing aaounta of formamide, t 
deetabilize the hybrid duplex. Thua, particular 
hybridization conditions can be readily manipulated, and 
will generally be a methed of choice depending on th 
desired results. In general, convenient hybridization 
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temperatures in the presence of 50% formaaide aret 42*C 
for a probe which is 95 to 10C% hor-ologous to the target 
fragment. 37*C for 90 to 95% homology and 32'C for %5 to 

90% homology. 

In a clinical diagnostic embodiment, the nucleic 
acid sequences of the Tf* genes of the present invention 
may be used in combination with ar. appropriate Beans, 
such as a label, for determining hybridization. A wide 
variety of appropriate indicator means are known in the 
art, including radioactive, enzymatic or other Uganda, 
such as avidin/biotin and digoxiganin-labelling, which 
are capable of providing a detectable signal. In some 
diagnostic embodiments, an eniyme -tag such as urease, 
alkaline phosphatase or peroxidase, instead af a 
radioactive tag may be used. In the case of enzyme tags, 
colorimetric indicator substrate* are known which can be 
•oployed to provide a means visible to the human eye or 
spectrophotometry lly. to identify ' specific 
hybridization with samples containing Tf* gene sequences. 

The nucleic acid sequences cf TfR genes of the 
present invention are useful as hybridization probes in 
solution hybridizations and in embodiments employing 
solid-phase procedures. In embodiments involving solid- 
phase proceduree, the test DMA (cr FNA) from samples, 
25 such as clinical samples, including exudates, body fluide 
g., serum, aaniotio fluid, middle ear effusion, 
sputum, bronchoalvaalar lavage fluid) or even tissues, is 
adsorbed or otherwise affixed to a selected matrix or 
surface. The fixed, single-stranded nucleic acid ie then 
30 subjected to specific hybridization with selected prooes 
comprising the nucleic eeid eequer.eee of the Tfa genee or 
fragments thereof of the present invention under deeired 
conditions. The selects* conditione will depend on the 
particular circuastar.cas based on the particular criteria 
35 required depending en, for example, the S+C contents, 
type of target nucleic acid, source of nucleic acid, size 
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f hybridization proba ate. Following waahing f tha 
hybridization surfaca ao a> to ramova n n-ap cifically 
bound proba hImIn, .pacific hybridization is 
dataetad, or avan quantified, by maans of tha labal. It 
i. prafarrad to aalact nuelaic acid aaquanca portion, 
vhieh ara conaarvad among apaciaa of Hormx.ll: Tha 
••l.cfd prob. may ba at l.a.t I8bp and may ba in th. 
ranga of about 30 to 90 bp. 

4. expression of th. iranafsrrim fteceptor aanaa 

Plaamid vactora containing raplicon and control 
..qu.nc.. which ara darivad fro. .pacia. compatible with 
th. ho.t call may ba uaad for th. axpraaaion of th. 
tranafarrin r.c.ptor g.n.. in .xpr...ion .yetam.. Tha 
v.ctor ordinarily earrie. a raplication .it., as w.U .« 
15 Barking ..qu.nca. which ar. capable of providing 
phanotypic ..l.ction in tran.formad oils. For example, 
E eoli may ba tranaformad using pBR322 which contain, 
g.n.. for ampicillin and tetracycline r..i«tance and thu. 
prcvid.. aa.y ..an. for id.ntifying tran«formed call.. 
20 Th. PBR3» plaomid, or oth.r microbial pla.mid or phag., 
»u.t also contain, or b. modifi-d to contain, promotere 
which can be usad by tha host call for .xpr...ion ef it. 

own protein*. 

in .edition, phaga v.ctor. containing raplicon and 
control saquancaa that ar. compatible with th. hoat can 
ba u..d .. a tran.f orming vetor in conn.ction with tha.. 
ho .f. Tor example, th. phag. in lambda GKK~-11 may b. 
utilired in making recombinant phaga vactcr. which can b. 
usad to transform host calls, such as E. eoli LE3M. 

Promotere commonly usad in racombinant DNA 
construction include tha *-lacta*..e (panicillinasa) and 
lactone promote system* and othar microbial promoters, 
such a. tha T7 promotar system a. daaerib.d in U.S. 
F.tsnt Mo. 4,»sa,4»«. Derail, conearning tha nucleotide 
33 Mguanoa. of ercmot.r. ar. known, .nabling a skillad 
workar to ligat. th.m functionally with g.n... Th. 
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particular proacter uaed will g n rally be a aatt r of 
choice depending upon the daairad reaults. H ate that 
ara appropriata for axpraaaion of tha tranafarrin 
racaptor genes, fragaenta, analogs or variante tharaof , 
nay includa X. eoli, Bmcillvm species, Haeaophilus, 
fungi, yeast, Koraxella, Bordmfll*, or tha baoulovirua 
axpraaaion ayatea may ba uaed. 

in accordanca with thia invention, it ia prafarrad 
to aaJee tha tranafarrin racaptor protain, fragaant or 
analog tharaof, by racoabinant mathcda, particularly vhan 
tha naturally occurring TfR protain aa purifiad froa a 
cultura of c apacios of Mormxmlla may includa traca 
aaounta of toxic materials or othar ecntaainanta . Thia 
problaa can ba avoidad by using racombinantly produced 
Tf* protain in heterologous syatana which can ba isolated 
frea the host in a Banner to ninialte cortaainante in tha 
purifiad aatarial. Particularly desirable boats for 
axpreaaion in thia regard include Sran poaitiva bacteria 
which do not have LPS and ara, therefore, endotoxin free. 
Such boat* include epeciee of Bacillus and may be 
particularly useful for tha production of nen-pyrogenic 
transferrin receptor, fragments or analoga thereof, 
rurtharaora, racoabinant aethoda of production permit tha 
manufacture of Tbpl or Tbp2 or analogs or fragaanta 
thereof seperate froa one another which is dietinct froa 
the noraal combined proteins preeant in Moraxmlla. 
Slologieal Deposits 

Certain vectora that contain at least a portion 
coding for a transferrin reeeptor protein froa etraine of 
Mormxallm catarrhal!* strain 4223 and Q8 and a strain of 
if. catarrhal!* RH40t that are described and referred to 
herein have bean depoeited with the Aaariean Type Culture 
Collection (ATCC) located at 12301 Parklawn Drive, 
aocxville, Maryland, UsA, pursuant to the Budapeat Treaty 
and prior to tha filing of thia application. aaaplee of 
tha deposited vectors and bacterial atrain will become 
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im»uni«ati n of guin.. pig- with Tbpl and Tbp2 prot in. 
from M. catarrhalis. 

Tbpl and map* protein, war. obtained aa follow.: 
iron-atarvad crud. total membrane preparations ware 
diluted to 4 mg protein/ml in 50 m» Tri..HCl-lM Ml. P H 
8 i„ a total volume of 384 ml. Membranes were 
.olubiliied by the addition of 8 ml each of 0.5M EDTA and 
30% .erko.yl; .ample, ware incubated for 2 hour, at room 
temperature, with gentle agitation. Solubilxzed 
membrane, were centrifuged at lOX rpm for 20 min. 15 ml 
of apo-hTf-S.phero.e 4B were added to the supernatant , 
and incubated for 2 hours at room temperature, with 
g «lti. shaking, The minora wa. added into a column 
Th. column va. wa.h.d with 50 ml of SOmK Tris.BCl-1 M 
VaCl-250mK guanidine hydrochloride, to remove 
contaminating protein.. Tb P 2 wa. elrted from th. column 
by the addition of 100 ml of l.SM guanidine 
Hydrochloride, Tbpl was .luted by the addition of 100 ml 
of 3M guanidine hydrochloride. The fir.t 20 ml fractions 
were dialyaed again.t 3 change- of 50 m* Tria.HCl pH 
8.0. sample, were stored at -20«C, or dialy.ed again.t 
ammonium bicarbonate and lyophilized. 

Guinea piga (Charls. River) were immunized 
intramuacularly on day +1 with a 10 M dose of Tbpl or 
Tt-,2 eauLified in complete Preond'. adjuvant. Animal, 
were boosted on day. +1* and +29 with the .ame dose of 
protein emul.ified in incomplete Freund*. adjuvant. 
B^ood .ample. were taken on day +42, and .era were u.ed 
for analysis of bactericidal antibody activity. In 

, addition, .11 antiaera wer ~* * 

anelysi. for reactivity with M. catarrhalis 4223 

The bactericidal antibody activity of guinea pig 
.nri-*. cat.rrh.li. 4223 Tbpl or Tbp2 anti.era wa. 
. deter-ined a. follow.. K non-clumping *. cmfrrhmlim 
.train Wi408, derived from i.olete 4223, wa. inoculated 
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into 20 «1 of BHI, and grown f r li hr at 37«C, shaking 
at 170 rpm. Ona al of thia eulture waa ua d to inoculata 
2C al of BRI supplemented with 25 aM ethylenediamine-di- 
hydroxyphenylacetic acid (IOTA; Sigma) . The cultura waa 
grown to an 00.. of 0.5. Th. call. w.r. dilutad 1:200,000 
in 140 CM Had, 93*M KaHCO., 2mM Ka barbiturate, 4aM 
barbituric acid, 0.5aM M 9 C1,.6S,0, 0.4aK CaCl,.2H.0, pH 7.6 
(ml Uiffar), containing 0.1% bovin. aerum albuain 
(VB8) and placad on ice, Guinea pig anti.K. catarrhal!* 
4223 Tbpl or Tpb2 antiaara, along with preblaad control 
antisera, wra h.at.d zo 56-C for 30 min. to inactivata 
andogenou. complement. Sarial twofold dilutions of aach 
antiaara in VBS war. addad to tha wall, of a 96-well 
Kunclon microtitre plate (Kunc, Ro.kilde, Denmark). 
Dilution* atartad at 1:8, and were praparad to a final 
volume of 23 ML in aach wall. 25 mL of dilutad bacterial 
call, ware' added to each of the wells. X guinea pig 
coaplaaent (Biowhittaker, Welkersville, MD) waa diluted 
1:10 in VBS, and 25 »L portions wera addad to aach wall. 
The plates were incubated at 37 «C for 60 ain, gently 
shaken, -t 70 rpa on a rotary platform. 50 *L of each 
reaction mixture were plated onto Mueller Hinton (B.cton- 
Oickinson, Cockey-ville, KD) agar plat... The pl.t.. 
were incubated at 37-C for 72 hr and th. number of 
colonies per pl.ta wer. counted. Bactericidal titr.a 
were assassad as tha reciprocal of tha highest dilution 
of antiserum capable of killing greatar than 50% of 
bacteria coapared with controls containing pre-immun. 
..-a. Beault. .hewn in Table 1 below illuetrate the 
ability of the anti-Tbpl and anti-Tbp2 guinee pig 
antleera to lyae M. catarrhal!*. 



>le » , # 

This Kxeapla illustratsa tha preparation of 
chromosomal DWA froa H. catarrhal, strains 4223 and Q8. 

H cacarrhella iaolate 4223 waa inoculated into loo 
.1 of auz broth, and incubated for 11 hr at 37-C with 
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shaXing. The calls were harvested toy centrifugation et 
10,000 x 9 for 20 min. Th« pellet waa uaad f r 
extrectior. of M. catarrhal!* 4223 chromosomal ENA. 

The call pellet v»a reauspended in 20 ml of 1C mM 
Tria-HCl (pH 7. 5) -1.0 rJC EDTA (TE) . Pronaaa and SOS ware 
added to final coneentretiona of 500 j*g/ml and i.G%, 
respectively, and tha suepeneion vas incubated at 37 »C 
!or j to. After aaveral aeguentiel extractions with 
phenol, phenol: chloroform (1:1). «nd chloroform: ieeamyl 
alcohol (24:1). tha aqueous extract waa dialyaad, at 4*C. 
against 1.0 M KaCl for 4 hr, and against TE (pH 7.S) for 
a further <8 hr with three buffer changes. Two volumes 
of sthenel were added to the dialyaate, and the DVK waa 
.pooled onto a glass rod. Tha DKX was allowed to air- 
15 dry, and was dissolved in 3.0 ml of water. Concentration, 
vae estimated, by uv apectrcphctemetry, to be about 29C 
«*g/ml. 

*. eataxraaiia strain C8 waa grown in BHI broth as 
ieeoribed in Example 1. Cells were pelleted from 50 ml 
of culture by centrif ugaticn at 5000 re» for 20 minutea, 
at 4"C. The call pellet waa reeusyended in 10 ml of TE 
(10 wsi Tris-HCl, 1 aK EDTA. pH 7.8} and proteinase K end 
SDS were added to final concentrations cf 5CC j-g,ml and 
1%, respectively. The eampla waa incubated at :?«C for 4 
hours until a clear lysate was obtained. The lysate wae 
extracted twice with Tris-eatureted phenol/chloroform 
(ltl) . and twioe with chloroform. The final agueoue pnaae 
wae dialyeed for 24 hours .gainst 2 X 1000 mi of 1 M MaCl 
«t 4«C, changing the buffer once, end for 14 houre 
againat 2 jc 1000 ml of T« at 4«C. changing the buffer 
once. The final dlalysate wae precipitated with two 
volume of 100% ethanol. The DNA was spooled, dried and 
reauepended in 5 to 10 ml of TE buffer. 
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This Example llluetret.ee the conetruotion of M. 
citmrrtmli* chromoeomal librarlse in EKBL3 . 
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A a ri • of Sau3A raatriction digaeta f chroa aomal 
DMA, in final voluaaa of 10 pL aach, war carriad out in 
ordar to optiai*a tha conditiona naeaaaary to ganarata 
maximal amounta of raatriction fragaanta within a 15 to 
5 23 kb aiia ranga. Uaing tha optimizad digaation 
conditiona, a larga-acala digaation waa aat up in a 100 
M L volim, containing tha following 1 50 M X. of 
chromoaomal DMA (290 nq/vl) , 33 mX. watar. 10 10X SauSA 
buffar (Haw England Biolaba) , 1.0 /il< BSA (10 ag/ml, Naw 
10 England Biolaba), and 6.3 Sau3A (0.0* U/mL) . 

Pollowing a 15 ain. incubation at 37-C, tha digaation was 
tarminatad by tha addition of 10 *L of 100 mM Tria-HCl 
(pH 8.0) -10 mM EDTA-0.1% bromophanol bluo-50% glycarol 
(loading buffar). Digaatad DMA waa alactrophoraaad 
15 through a 0.5% agaroaa gal in 40 aM Tria acatata-2 mM 
Ka,EDTA. 2H,0 (pH8.3)(7AS buffar) at 50 V for 6 hr. Tha 
ragion containing raatriction fragmonta within a IS to 23 
kb aelacular aiza ranga waa axciaad froa tha gal, and 
placad into dialyaia tubing containing 3.0 ml of TAB 
20 buffar. DMA waa alactroalutad froa tha gal fragment by 
applying « fiald atrangth of 1.0 V/ca for 18 hr. 
Elactroalutad DMA waa axtractad onca aach with phanol and 
phanol: chloroform (1:1), and pracipitatad with athanel. 
Tha driad DNA waa diaaolvad in 5.0 nL watar. 
23 sixa-fractionatad chromoacmal DNA waa ligatad with 

BaaKl-digaatad ZKBL3 arma (Pr omega) , uaing T4 DMA ligaea 
in a final voluaa of 9 mX» Tha antira ligation aixtura 
paokagad into lambda phaga uaing a eommarcial 
packaging kit (Aaarahaa) , following aanuf acturar'a 

30 inatructiona . 

Tha paokagad DMA library waa amplifi«d on aolid 
madia. 0.1 al aliguota of lacharichia eoli atrain HM539 
in 10 aM Mgso. (OD» - o.s> wara incubatad at 37«C for IS 
ain. with 15 to 25 j»X. of tha paokagad DMA library. 

3S auplaa v«r« mixad with 3 ml of .0.8% agaroaa containing 
1.08 aat. trypticaaa paptona-0.5% MaCl (BBX. top agaroaa). 
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and mixtures w r plated onto 1.5% agar plat a c ntaining 
1.0% BBL trypticaes peptone-0.5% HaCI, and incubated at 
37»C for 18 hr. 3 Cl quantities Of 50 mM Tria-HCl (pH 
7.5)-8 mM magnesium aulfata heptahydrate-100 mM NeCl- 
0.01% (w/v) gelatin (SM buffar) vara addad to each plate, 
end plates ware left at 4'C for 7 hr. SM buffer 
containing phage was collected from the plates, pooled 
together, and stored in a aerewcap tube at 4«C. with 
chloroform. 

3 chromosomal DMA fro* «. catarrhal!* strain Q8 waa 

digested with Sau3A I (0.1 unit/ 30 Mg DMA) at 37»C for 30 
minutes and site-fractionated on a 0.«% low melting point 
agarose gel. DMA fragments of 15-23 kb were excised and 
tne CKA was elsctroeluted for 25 minutea in dialysis 

5 tubing containing TAE (40 mM Tris acetate pH 8.5, 2 nK 
EDTA) ar 150 V. The SNA was extracted once with 
phenol/ chloroform (1:1), precipitated, and reeuspended in 
water. The DNA waa ligated ovsrnight with EK3L3 BamH I 
arms (Promega) and the ligation mixture was packaged 

0 using the Lambda in vitro packaging hit (Stratagene) and 
plated onto 3. coll 1*392 cells. The library wma tiwrated 
and stored at 4*C in the presence of 0.3% chloroform, 
example « 

Thie Example illustrates screening of the M. 
25 cafrrhmlim librarian. 

Ten uL aliguots of phage stock frcm the EHBL3/422 3 
sample prepared in Example 3 ibovs were combined each 
with 100 mL of X. coll strain LE3S2 in 10 mM MgS04 (0D«. 
- 0.5) (plating cslls) , end incubated et 37-C for 15 min. 
30 The samples w«re mixed with 3 ml each of BBL top agaroa., 
and the mixturee wsrs poured onto 1.5% ageroea platae 
containing 1% becto wryptone-0.5% becto yeeat extract- 
0.05% MaCl (LB agaroee; Difco) end .upplemented with 200 
vM BDOA. The plates were incubated et 37 «C for 18 hr. 
39 Plaques were lifted onto nitrooelluloee ffiltere (Amerehem 
Hytoond-C Extra) ueing a standard protocol, and the 
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filters war immersed into 5% bovine serum albumin (B8A; 
Beehringer) in 20 mX Tris-HCl (pH 7.S)-150 BM NaCl (TBS) 
tor 30 min at room temperature, or 4«C overnight. 
Filters were incubated for at laut 1 hr at room 
temperature, or It hr at 4*C, in TBS containing a 1/1000 
dilution of guinaa pig anti-J*. catarrhal!* 4*23 Tbpi 
antiserum. Following four sequential 10 sin. washes in 
TBS with 0.05% Tween 20 (TBS-Tween) , filtexa were 
incubated for 30 Bin. at room temperature in TBS-Tween 
containing a 1/4000 dilution of recombinant Protein G 
labelled with horseradish peroxidase (rProtein G-HRP; 
zyaed) . Filter* were waehed ae above, and submerged into 
CN/DAB eubstrate solution (Pierce). Color development 
was arrested J*y iame-sing the filters into water. 
5 Positive plaques were cored from the plates, and each 
placed into 0.5 nl of SM buffer containing a few drops of 
chloroform . The screening procedure wae repeated two 
sore times, until 100% oi the lifted plague* were 
positive using the guinea pig anti-K. catarrhali* 4223 
0 Tbpl antiserum. 

The TOL3/Q8 library was plated onto LE392 cells on 
YT plate* using 0.7% top agar in YT as overlay. Plagues 
were lifted onto nitrocellulose filter* and the filters 
were probed with oligonucleotide probes labelled with 
25 "Pa-dCTP (Random Primed DMA labeling Kit, Boehringer 
Mannheim) . The pre-hybridiration was performed in sodiuri 
chloride/sodium citrate (SSC) buffer (ref. 27) at 37'C 
for lh end the hybridization was performed at 42»C 
overnight. The probea were beeed upon an internal 
30 sequence of 4223 tbpAi 

IRDLTRYDPC (Seq ID No. 21) 

4236- RD 5' ATTCGAGACTTAACACGCTATGACCCTfiGC 3'(S*q ID Mo 28) 

4237- RD 5' ATTCOTCATTTAACTCGCTATCXCCCTOGT 3' (Seq ID Ho 2*) 

Putative plaques were re-plated ar.d submitted to second 



; 3- 8-96 5 i:33Pi 5 * *1WAS- 1 7034150813:«34 



34 

and third rounds f serening using the earn procedur a. 
Phage olone SLRD-A was ussd to aubcl na the ttr gan a for 
sequence analysis, 
■sample 8 

Thia Exampla illuatrataa imaunoblot analyaia of the 
phaga lyaataa uaing anti-tf. catarrhmlig 4223 Tbpl and 
Tbp2 antiaara. 

Protein axpraaaad by the phaga aluanta selected in 
Exampia 4 abova vara precipitated aa follows. 60 of 
aach phaga aluant vara combined with 200 /*X. 2. coll LE392 
plating calls, and incubatad at 37 »C for 15 min. Tha 
mixture was inoculatad into 10 ml of 1.0% NZamine A-0.5% 
NaCl-0.1% casaaino fccida-0.5% yaaat extract-0.2% 
magneeiua sulfate hcptahydrata (NZCYM broth) , 
aupplaaentad with 200 nM EDDA, and grown at 37*C for 18 
hr, with ehaki>ng. DKAse waa added to 1.0 ml of tha 
culture, to* a final concentration of SO Mg/al, and tha 
aaapla vaa incubatad at 37 •C for 30 Bin. Trichloroacetic 
acid waa added to a final concentration of 12.5%, and the 
mixture was left on ice for 15 min . Proteina ware 
pelleted by centrif ugation at 13,000 x g for 10 min, and 
the pellet was washed with 1*0 ml of acetone* The pellet 
vaa air-dried and reauapended in 50 4% SDS-20 mM Trie- 
HC1 (pH 8.0) -0.2 aM EDTA (lysis buffer)* 

Pol lowing SDS-PAGE electrophoresis through an 11.5% 
gel, the proteina were transferred to Immobilon-P fillers 
(Millipore) at a constant voltage off 20 V for 18 hr, in 
25 «M Tris-HCl,220mX glycine-20% methanol (transfer 
buffer) . Membranes were blocked in 5% 8SA in TBS for 30 
ain. at rooa temperature. Blots were exposed either to 
guinea pig anti-nr. cmtmrrhAll* 4223 Tbpl, or to guinea 
pig anti-K. eatarrhaiis 4223 Ttop2 antiserum, diluted 
1/500 in TBS-Tween, for 2 hr at room temperature . 
Following three eeqaential 10 min. waahes in TBS-Tween, 
eembranea were incubated in TBS-Tween containing a 1/4000 
dilution of rProtein O-HRP for 30 min. at room 
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ttaptrtturi. Ktabrami were washed as above, and 
intrud int CN/DAB substrata s lution. Color 
davalopmsnt was arrastad by immersing blots Into vat sr. 

Thraa EKBL3 phage olonss axprasssd both a 115 KDa 
protain which raactsd with anti-Tbpl antiserum, and an 30 
kDa protain, which raactsd with anti-Tbp2 antisarum on 
Western biota and wara thus concludsd to contain genes 
sncoding tha transfsrrin racaptor protains of Moraxslla 
catarrhal 1b. 
Example s 

This Example illustratas tha subcloning of tha M. 
catarrhal!* 4223 Tbpl protain gene, tbpA. 

Plata lyaata cultures of tha recombinant phage wara 
prepared by combining phage sluant and 2. coll LE392 
plating cella, to produce confluent lysis on LB agar 
plates. Phage DMA was extracted from the plate lysates 
using a Wizard Lambda Praps DNA Purification System 
( Pr omega ) , according to manufacturer's instructions. 

The EMBL3 clone LM3-24 was found to contain a 13.2 
kb insert, flanked by two Sail sites. A probe to a thpA 
gene was prepared and consisted of a 300 bass pair 
amplified product generated by PCR using two dagansrats 
oligonucleotide primers corresponding to an amino acid 
sequenca of part of the Tbpl protein (Figure 1). The 
primer sequences were based upon the amino acid sequences 
MEVTGLG (SEQ ID Wo: 13) and GAINEIE (SEQ ID Not 14), 
which had been found to ba conserved among tha deduced 
amino acid aaquances from ssvaral diffarant H • 
vmnlngltldlM and Haemophilus influenzas tbpA gsnas. Ths 
amplif iad product was cloned into pCRII (Invitrogsn, San 
Diego, CA) and sequenced. Tha deduced amino acid 
sequence ahared homology with other putative amino acid 
sequences derived from jr. meningitidis and J9. lntlu*n**m 
tbpA genea (Figure 10) . The subclone was linearised with 
Not I (Mew England Blolabs) , and labelled using a 
digoxigenin random- label ling kit (Boehringer Kannheim) , 
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ece rding to manufacturer's instructions. The 
eoncantration f tha proba waa estiaated to ba 2 ng/ML. 

DNA from tha phage clona waa digested with HindXII, 
Avrll, SmlZ/Sphl, or SalX/Avrll, and alactrophoraaad 
through a 0.8% agaroaa gal, DNA waa transferred to a 
nylon membrane (Geneecreen Plus, Dupont) using an LKB 
Vacucana XL vacuum transfar apparatus (Pharmacia) . 
Following tranefer, tha blot vaa air-dried, and pre- 
hybridired in 3X ssc-0.1% N-lauroylaarcoeine-0.02% eodium 
dodacyl eulfate-1.0% blocXing raagant (Boahringar 
Hannheim) in 10 oN maleic ecid-15 aM NaCl <pH 7.5) (pre- 
hybridization solution) * Labelled proba was added to tha 
pre-hybridixation aolution to a final concentration of 6 
hg/al, and the blot waa incubated in the probe solution 
at 42 # c for 18 hr. The blot vaa washed twice in 2X SSC- 
C.1% SDS, for 5 min. each at room temperature, then twice 
in 0.1X ssc-0.1% SOS for 15 min. each at 60 »C. Following 
the washes, the membrane waa equilibrated in lOOmM maleic 
acid-150 mK NaCl (pH 7.5) (buffer 1) for 1 min, then left 
in 1.0% blocXing reagent (Boehringer Mannheim) in buffer 
1 (buffer 2) for 60 min, at room temperature. The blot 
was exposed to anti-DIG- aDtaline phoaphatase (Boehringer 
Mannheim) diluted 1/5000 in buffer 2, for 30 min. at room 
temperature. Following two 15 min. washes in buffer 1, 
the biot was equilibrated in 100 mM Tris-HCl (pH 9.5), 
100 mM NaCl, 50 mM MgCl, (buffer 3) for 2 min. The blot 
wee wetted with Lumigen PFO substrate (Boehringer- 
Mannheim) , diluted 1/100 in buffer 3, then wrapped in 
Seran wrap, and exposed to X-ray film for 30 min. Tha 
probe hybridized to a 3.8 kfe Hindlll-ffindlll, a 2.0 Xb 
AvrXX-AvrXX, and a 4.2 Kb Sall-Sphl fragment. 

In order to subclone the 3.8 Xb Hindi 1 1 -Hindi 1 1 
fregment into pACYC177 f phege DNA from the KKBL3 clone, 
end pleemid DNA from the* vector pACYCl77 (New England 
Siolebe) , wsrs digested with tfiadlll, snd fractionated by 
electrophoresis on a 0.8% agaroae gel. The 3.8 Kb 
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ffindXXX-Hindlll phaga DNA fragmant, and tha 3.9 kb 
HIndlll-Hindlll pACYC177 fragmant, vara axoiaad from tha 
gal and purified uaing a Canada an kit (Bio 101 Inc., 
LaJolla, CA) , according to manufacturer' a diracxiona. 
5 Purifiad inaart and vactor vara ligatad togathar uaing T4 
DNA ligaaa (Nev England Biolaba) , and tranaformad by 
convantional procadura into £. eoli HB101 (Gibco BRIO . 
A Qiagan Plaamid Midi-Kit (Qiagan) vaa uaad to extract 
and purify aaquencing-quality DNA from ona of tha 
10 ampicillin-raaiatant/kanamycin-eenaitive tranaf ormanta 
which vaa found to carry a 3.B kb Hindlll-HIndlll inaart. 
Tha aubclona vaa namad pLEK3. Aa daacribad in Example 7, 
balov, aubaaquant aaquancing revaaied that pL£M3 
containad tha firat about 2.0 kb of t&pA aaqucnca 
15 (Figuraa 2 and 5} . 

in ordar to aubclona tha remaining 1 kb of tha tbpA 
gana f a 1.6 kb Sindlll-Jfindlll fragment vaa aubclonad 
into pACYC!77 aa daacribad abova, and tranaformad by 
aiactroporation into S. coll HB101 {Gibco BRL) . A Midi- 
20 Plaamid DNA kit (Qiagan) vaa uaad to extract plaamid DNA 
from a putativa kanamycin-aaneitive tranafornant carrying 
a plaamid vith a 1.6 kb ittndlll-Eindlll inaart- Tha 
aubclona vaa tarmad pLEH25. Aa daacribad in Example 7 
balov , aaquancing revealed that pLSK25 containad tha 
25 ramaining 1 kb of tha tbpA gana (Figura 2 and 5) • 

Tha Jf. c&tarrhalls Q8 tfr ganaa vara aubclonad aa 
follova. Phaga DNA vaa praparad from plataa. Briefly, 
tha top agaroaa layer from thraa confluant plataa vaa 
ecrapad into 9 ml of SH buffer (0.1 M NaCl, 0.2% MgS0 4> 
30 50 bK Tria-HCl, pH 7.6, 0.01% gaiatin) and 100 Ml of 
chloroform vaa addad. Tha mlxtura vaa vortaxad for 10 
a#Cf than incubatad at room tamparatura for 2h. Tha call 
dabria vaa r amoved by eantrifugation at 8000 rpm for 15 
min at 4*C in an SS34 rotor (Borvall modal RC5C) . Tha 
35 phaga vaa pallatad by eantrifugation at 35,000 rpm in a 
70.1 Ti rotor at 10 # C for 2h (Bactanan nodal M-60) and 
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vaa reeuepended in 500 |il f 8M buffer. The eample waa 

ineibated at 4*C overnight, than RNAse and DNAse ware 
added to final eoncantrationa of 40 Mg/ml and 10 
reapaetivaly and tha mixture in cu bat ad at 37*c for lh. 
5 To tha mixtura vera added 10 Ml of 0.5 M EOTA and 5 m1 of 
10% SD8 and the sample waa incubated at 6°C for 15 min. 
The mixture waa extracted twice with phenol /chloroform 
(1:1, and twice with chloroform and tha OKA vaa 
precipitated by the addition of 2.5 volumes of abaoluta 
10 ethanol. 

A partial reatriction map waa generated and 
fragmenta were subcioned using tha external Sal X aitea 
from EMBL3 and internal Avrll or EcoR I aitea aa 
indicated in figure 4* In order to facilitate the 

15 subcloning, plaamid pSKMA waa constructed which 
introducee a novel multiple cloning site into 
pBlueacript.SK (Stratagane) . Oligonucleotides were used 
to introduce reatriction sites for Mat II, Sfi I, and Avr 
II between the Sal I and Hind III aitee of 

20 pBluescript. SK: 

Sfi I 

Sal I Cla I Hat II Avr II Hind III 

i i i I l ; 

25 4 63S-KD 5' TCCACGCTAT CGATGCCC TTAC CCCC CTACGA 3' 
(SZQ ID HO! 30) 

4640-RD 3' CCCATA GCTACCGG AATC CCCG CATCCTTCCA 

(SEQ ID Ho: 31) 



>:>-::? 
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30 Plasmid pSLADi containe a -1.5 leb sal I -Avr 12 fragment 
cloned into pSXHA; plasmide pSLRD2 and pSLROA contain -2 
kb and 4 kb Avr 1 1 -Avr II fragmente cloned into pSXMA, 
respectively; and plaamid pSLJU>3 contains a -2.3 Kb 
Avrll-EcoJt I fragment cloned into pSIQfA. 

35 mxeaple 7 

This Example illustrates the eubcloning of the Jf. 
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cmtmrrhmllm 4223 tbpB gene. 

X* described above, in all » i*« and 
Haemophilus epeeies examined pri r to eh present 
invention, tbpS genee have been found immediately 
upstream o£ tha tbnA ganaa which ahara homology with tha 
tbpA gana of M. catarrhal!* 4233. However, tha sequence 
upstream of If. catarrhalis 4223 did not corraapond with 
othar sequences aneoding thpB. 

In ordar to localise tha thpB gana within tha EMBL3 
phage clone, a Southam blot waa oarriad out uaing a 
daganaxata proba from a highly conaarvad amino acid 
ragion within tha Tbp2 protain. X degenerate 
oligonuclaotida proba, waa daaignad oorraaponding to tha 
sequence aneoding EGGFYGP (SEQ 10 No: 23). which is 
conaarvad within tha Tbp2 protain in a variety of 
NelsMTim* and' Haemophilus epeciea. Tha proba waa 
labelled with digoxigenin uaing an oligonucleotide 
tailing kit (Boehringer Mannheim), following tha 
manufacturer 'a inatructiona. Jfindlll - digested EKBL3 
clona DMA vae fractionated through a 0.8% agaroaa gel, 
and transferred to a Ganeclean Plua nylon membrane aa 
described in Example «. Following hybridization as 
described above, the membrane was washed twice in 2X SSC- 
o.l% SDS, for 5 min. each at room temperature, then twice 
in 0.1X SSC-0.1% SDS for 15 min. each, at 50»C. 
Detection of the labelled probe was carried out as 
described above. The probe hybridiied to a 5.3 kb tfhsl- 
Sall fragment. 

The 5.5 Kb Nhel-Sail fragment waa eubcloned into 
pBK328 as followa. LEM3-24 DNA, and pBR328 DNA, were 
digested with Vast-fall, and elactrophoreaed through 0.8% 
agarose. The 5.3 Kb HheX-Sall fragment, and tha 4.9 Kb 
pBS328 whsl-fali fragments were excised from the gel, and 
purified uaing a Ganeclean Kit as deecrlbad in Example 6. 
The fragments were ligatad together using T4 DNA ligaoe, 
and transformed into S. eoli CH5 using conventional 
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proetdurtt, A Hidi-Plasmid DKA kit (Qiagen) van used to 
extract DMA from an ample! 11 in resistant / tetracycline 
scnaitiva clone containing a 5.3 kb Nhml-Sall insert. 
Thia subclone vaa termed pLEM23. Sequencing ravaalad 
5 that pLEM23 contained 2 kb ef tha tJ5>pB gene (Figura 2). 

This Example illustrates aequar.cing of tha H. 
catarrhal is tbp genaa. 

Both atranda of tha cJbp genee ware eequanced using jv- 
1C an Applied Bioey stems DKA sequencer. The sequence of the 
if. catarrhs 2 i* 4223 and Q8 tbpA genes are shewn in 
f Figures 5 and 3 respectively. A derived amine acid 

sequence waa compared with other Tbpl amino acid 
sequences, including those of Neisseria* meningitidis, 
15 Seieeeriee gonorrhoeae, and Haanophllus influenzae 
(Figure 10) . The aequenca of the M. c&taxrhalis 4223 
tJbptB gsne is ehown in Figure 6. In order to obtain 
^jfi eequence from the putative beginning of the t&pS gene, 

>?■"'- eecnence data were obtained directly Iron the clone LEM3- 

^/y 20 24 DKA. This sequence was verified by screening clone 

38-1754-1. The sequence of the tranalated t£p3 gene 
^ shared homology with deduced TbpS amino acid sequences of 

v * >>/, Neisseria meningitidis, Seimmeria gonorrhoeae, and 

Ha««rphllus ±n.fluensae (Figura 11). 
>■'•>- : 25 Sxaaple • 

This Example illustrates ths generation of an 
axpreeeion vector to produce recombinant Tbpl protein. 
The construction scheme is shown in Figure 12. 
C±2u Plaamid DKA from subclone pLEM3 waa digested with 

3C Hindi II and Bg21 to generate a 1.64 kb Byll-Hindlll 
fragment, containing approximately two-thirds of the ttpA 
gana. BarnKX waa added to the digest to eliminate a 

~ comigrating 1. S9kb Bgll-ffindlll vector fragment. In 

T^"*^ addition, plaamid DKA from the vector pT7-7 waa digested 

33 with tfdel and ifindlll. In order to creata the beginning 
of the tbpA gene, an oligonucleotide waa ayntheeized 
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baa d upon the first 61 bases f ths tbpA g ns to the 
Bflt sits; en tfdel sits vss inc rp rat d int ths 3' 
and. Purifisd insert, vsctor and oligonucl tida vara 
ligatad together using T4 ligasa (Naw England Biolabs) , 
and traneformed by conventional procadura into S. coil 
DHSo. DMA was purified from one of ths 4.4 )cb 
ampicillin-reai stent traneformants containing correct 
restriction sites (pLEM27) . Purified pLEM27 DNA was 
digestsd with Hindill, ligatsd to ths 1.6 kb- Hir.dXIX- 
HiJ5dIII insert fragment of pLEttS, and transformed into 
S. eoli DHSo. DHA was purifisd from an ampicillin- 
resistant transformant containing the correct restriction 
sitss (pLO«9), end was tranaformad by electroporation 
into electrocompetent BL21(DS3) (Novagen; Madison, WI) 
to produce E. coll pL£M29B-l. A single isolatsd 
transformsd colony was used to inoculate 100 ml of YT 
broth containing lOO^g/ml ampicillin, and the culture waa 
grown at 37°C overnight, shaking at 200 rpm. 200 Ml of 
the overnight culture were inoculated into 10 ml cf YT 
broth containing 100*ig/al ampicillin, and the culture waa 
grown at 37«c to an oc^ of 0.35- The culture was induced 
j&y the addition of 30 ul cf 100 mM IPTG f and the culture 
was grown at 37°c for an additional 3 houra. One ml of 
culture waa removed at the time of induction (t*0) , and 
at t»l hr and t-3 hrs. 0ns ml samples ware pelleted by 
centrifugation, and reeuapended in 4%SDS-20 mM Trie. CI, 
pH 8-200 MM EDTA (lysis buffer) . Samples ware 
fractionated on an 11.5% SDS-FAGE gal, and transferred by 
conventional procedures onto Immobilon filters 
(Amersham). Blots were developed using anti-Tbpl (tf. 
c+tMZThmllB 4223) antiserum, diluted 1:1000, aa the 
primary antibody, and rproteinG conjugated with 
horsaradiah peroxidaee (Zymed) as the eecondary antibody. 
A chamiluminsacent substrate (Luaiglo; Xirfcegaard and 
Perry Laboretoriee, Oeithersburg, KO) was ueed for 
fraction. Induced recombinant proteins were visible on 
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the Cooaaesi -stained 9 la (Fig 13) . Tha anti-Tbpl 
(4223) ant I ••rum racogni2ed tha recombinant protaina n 
Western biota, 
sxaapla 10 

Thia Sxastpla illuatrataa tha generation of an 
expression vactor to produca recombinant Tbp2. 

Tha construction scheme la ahown in Figura 16. 
oligonucleotides vara used to construct tha flrat 
approximately 56 baaea of tha #. catarrhal is 4223 thpB 
gene. An Kdal aita wee i -orporatad Into tha 5' and of 
tha oligonucleotidee. An J?haX-£eoRI kb fragment, 
containing 1.38 Xb of tha tbpB gana from pLEM23, waa 
ligatad to tha above oligonucleotides, and subsequently 
inserted into the £M*l-£coRI site of pUCIS to create 
pL£M31. Oligonucleotides alao were uaad to construct tha 
laat 104 bases of the tbpB gene, from the Avail site to 
the end of the gene. A BamHl site was incorporated into 
tha 3' end of the oligonucleotides. An JcoRI -Avail 
fragment from pLEM23, containing 519 baeepaire of tha 
tbpB gene, was ligatad with the Avall-BasHI 
oligonucleotidee, and subsequently ligatad to pUC18 cut 
with ScoRI-BamHI, to create pLZK3 2. The 1.4 Kb Ndal- 
£coRI inaert of pLEM31 r and tha 623 baaapair ZcoRI-BajnHI 
inaert of pLEK32 were ligated together, and Inserted into 
pT7-7 cut with JWel-BamHI, to create pLZM33. 

DMA vaa purified and tranaforaed by eleetreporation 
into electr ©competent BL21(DE3) (Novagen; Madieon, WT), 
to generate atrain pLEK33B-l. Strain pLEW33B-l waa grown 
and induced using I PTC as daecribed abovs. Expressed 
proteins are reaolved by SDS-PAGE and tranaf erred to 
Baabranea suitable for immunoblotting. Blocs were 
developed using anti-Tbp2 (Jf. cmtmrrhmllm 4223) 
antieerum, diluted 1:1000, aa the primary antibody, and 
rprotein 6 conjugated with horseradieh peroxidase (Zymed) 
aa tbe eecondary antibody. A chemiluaineecent substrate 
(Lumiglo; Klrkegaard and Parry Laboratoriea, 
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Oaithersburg, WD) can be used f r detection, 
maple IX 

Thia Example illustrate the ©attraction and 
purification of recombinant Tbpl. 

Recombinant Tbpl protain vaa purifiad from B. coli 
calla axpraaaing tha tbpA gene aa ahown in Figura 14. 

S. coll calla from a 300 ml culture, praparad aa 
described in Example *, vara raauapandad in 50 ml of 50 
mM Trie-HCl, pR 8.0 containing 0.1 M NaCl and 5 aM AEBSF 
'protease inhibitor) , and dierupted by aonication (3 x 10 
min. 70% duty circla) . Tha extract vaa cantrifugad at 
20,000 x g for 30 min. and tha raaultant auparnatant 
which containad > 85% of tha aolubla protaina from X. 
coli vaa diacardad. 

Tha remaining pellet (Figura 14 , PPT1) vaa further 
©xtracted in 30 mall of 50 mM Tria, pH 8.0 containing 
0-5% Triton X-100 and 10 xM EDTA. Aftar centrifugation 
at 20,000 x g for 30 r*in., tha eupornatant containing 
raaidual aolubla protaina and tha majority of the 
membrane protaina vaa diacardad. 

Tha remaining pallet (Figura 14, PPT2) vaa further 
extracted in 50 ml of 50 mH Tria, pK 8.0 containing 2M 
urea and 5 mM dithiothroitol (DTT) . After centrifugation 
at 20,000 x g for 30 min,, the raaultant pellet (Figure 
14, ppT3) obtained aftar tha above extraction contained 
the inclusion bodies. The Tbpl protein vae aolubiliaed in 
50 mM Trie, pH 8.0, containing 6 M guanidlna 
hydrochloride and 3 mM DTT. After centrifugation, the 
resultant eupematant vaa further purified on a Superdex 
200 gel filtration column equilibrated in 50 mM Tria, pH 
a.C, containing 2M guanidine hydrochloride and 3 aM DTT. 
The fractions were analyzed by SDa-PACE and thoee 
containing purified Tbpl vere pooled. Triton X-100 vaa 
added to the pooled Tbpl fraction to a final 
concentration of 0.1%. The fraction vaa then dlalyied 
overnight at 4-C againat 30 mM Tria, pK 8.0 and then 
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cantrifugad at 20,000 x g for 30 Bin. Tha pr tain 
rsaainad soluble undar thaaa conditi na and tha purified 
Tbpl vaa stored at -20° C. Tha purification procadura 
shown in Figura 14 producad Tbpl protain that vaa at 
5 laaat 70% pur a. 

■im¥MT CT Tiff Piflcroama 
In summary of this disclosure, tha praaant invention 
providas purifiad and isolated DNA molecules containing 
1C transferrin racaptor ganaa for MorMxmlla. cmt&rrhmlis , tha 
aaquancaa of thaaa transferrin receptor genee, end tha 
derived amino acid aaquancaa thereof. Tha ganea and DNA 
sequences are uaaful for diagnosis, immunization, and tha' 
generation of diagnostic and inaauno logical reagents. 
15 laaunogenic compositions, including vaccinas baaed upon 
expressed recombinant Tbpl and/or Tbp2, portions thereof, 
or analoga thereof, can be prepared for prevention of 
diseases caused by Koraxella. Modifications are possible 
within the acopa of this invention. 
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TABU I 



BACTERIAL ANTIBODY TITHES FOR 
AC CATARRHAL/* ANTIQ1N8 



ANTIGEN 


SOURCE 


BACTEWALTITRE 1 


BACTERIAL TTTRE 




OF 


RH408* 


08' 




ANTISERA* 














Pm-lmmun* 


Pott-lmmunt 


Prt-lmmunt 


Po«t-lmmun« 


T3P1 


QP 


< 3.0 


4.2-6.9 


< 3.0 


4.4.-6.2 


T3P2 


QP 


J < 3.0 


12.CM3.6 


< 3.0 


< 3.0-4.0 



1 antigen* tedded from M. catBrrh&lia 4223 

2 G? - guinea pig 

3 hactarial three: expreseed in tog, as the dilution of antiserum capable of killing 50% 
of cecta 

4 M. cBtarrtmtt* RH408 1$ a r: on-dumping derivative of 4223 

6 M. cmntmib 06 la a dinioa! ieoiete whteh displays a non-dumping phanotypa 
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What we claim 1st 

1. A purifi d and ieelated nucleic acid m lecule 
encoding a tranafarrin racaptor protein of a atrain of 
jfora*eIIa or a fragment or an analog of tha tranafarrin 
racaptor protain. 

2. Tha nucleic acid molecule of claim 1 wharain tha 
tranafarrin racaptor protain ia tha tranaf arrin racaptor 
binding protain 1 (Tbpl) of tha Noraxeiia atrain. 

3. Tha nuclaic acid molecule of claim 2 wharain tha 
tranafarrin racaptor protain ia tha tranafarrin receptor 
binding protain CTbp2) of tha Xor*x*ll* atrain • 

4. Tha nuclaic acid aolacula of claim l vharain tha 
atrain of Mcraxella ia a atrain of Koraxalla catarrhaii*. 

5. Tha nucleic acid aolacula of claiic 4 wharain tha 
atrain of Mor*x*llm catMrrhall* ia Mcraxtllm cat&rrhaliB 
4223 or Q8.' 

6. A purif iad and isolated nuclaic acid molecule having 
a OKA aaquanca aalactad from tha group conaiating of: 

(a) a DNA aaquanca ae sat cur in rigure 5, 6 or 9 
(SEQ ID Noa: 1 # 2, 3, 4, 5 or 6) or tha complementary DNA 
sequence thereto; 

(b) a DNA aaquanca encoding an amine acid sequence 
aa Bet out in Figure 5, 6 or 9 (5£Q ID Noa: 7, 8, 9, 1C, 
11 or 12) or tha complementary DNA aaquanca thereto; and 

(c) a DNA aaquanca which hybridize* under atringent 
conditiona to any one of the DNA aequencee defined in (a) 
or (b) . 

7. The nucleic acid molecule of claim 6, wherein the 
DNA eequence defined in (c) hae at leaat about 9C% 
aaquanca identity with any one of the DNA aequencea 
defined in (a) or (b) . 

8* Tha nucleic acid molecule of claim 6 wherein the DNA 
eequence defined in (c) ia that encoding the equivalent 
tranafarrin receptor protain from another atrain Of 
Mor&xmllm. 
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9. X vteter adapted for trenefprmation f a host g?.v3 



so 

r tranefprmation f a he 
{^■r comprising tha nuelaie acid molecule of claim x r 6. 

i 10. Tha vector _f claim 9 encoding a fragment f a 

transferrin receptor protein and having tha [>y 
characteristics of a plaemld selected from the group ; * 

coneisting of pLEHJ, pLEK25, pLEM23, DS-1698-1-1, 08- 
1754-1, pSLRDl, pSLRD2, pSLRD3 and pSLRD4. \ 7, 

ii. The vector of claim 9 further comprising expression 
means operatively ccupled to the luelsio acid molecule 
for expression by the host of said transferrin receptor 
|Sj protein of a strain of Moraxmllm or the fragment or the 

analog of the transferrin receptor protein, 
v 12 . The vector of claim 11 having the characteristics of j". 

kl" plasmid pLSH-29 or pLEM-33. r 

— ~ 13. X transformed host c aining an expression vector 

as claimed in claim 11. 

14. X method of forming a substantially pure recombinant - 
transferrin rsceptor protein, which comprises: c 
v ; growing the transformed host of claim 13 to express w ' m -* 

a transferrin receptor protein as inclusion antibodies, 
purifying the inclusion bodies f re* from cellular 
material and soluble proteins, 

solubilizing transferrin receptor protein from the 
purified inclusion bodiss, and 
>V purifying the transferrin receptor protein free from 

"^^jl other solubilixed materials. 

... : . 15. The method of claim 14 wherein said transferrin 

receptor protein comprises Tbpl alone, 7bp2 alone or a 

mixture of Tbpl and Tbp2. 
j| X6. The method of claim 15 wherein said transferrin 

receptor protein ie at least about 70% pore. 

17* The method of claim 16 wherein said transferrin 
■j / receptor protein is at least about 90% pure. 

la. X recombinant transferrin receptor protein or 
y .\ fragment or analog thereof producible by the transformed 

host of oleim 12. 

. . _ - - -- - 
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19. Th pr tain f olaim 18 which is transferrin 
re eptor binding protein 1 (Tbpl) of the Mormxmll* strain 
d v id of othsr pr or sins of th Kormx 22s strain. 

20. The protein of claim 18 which is transferrin 
rscsptor binding protain 2 <Tbp2) of tha Hormxmlla strain 
davoid of othar protains of tha Moraxall* strain. 

21. Tha protain of claim 18 wharain tha strain of 
Moraxmllm is a strain of Morajre2ia catarrha2ie. 

22. An immunogenic composition, comprising at least one 
active component sslactad from the group consisting of: 

(A) e purified and isolated nuoleic acid molecule 
encoding a transferrin receptor protein of a strain of 
Mormxmlla or a fragment or an analog of the tranaferrin 
receptor protein; 

(B) a purified and isolated nucleic acid molecule 
having a DNA sequence sslected from the group consisting 
oft 

(a) a DNA sequence as set out in Figure 5, 6 or 9 
(SEQ ID Noe: 1, 2, 3, 4, 5 or 6) or the 
complementary DNA sequence thereto; 

(b) a DKA sequence encoding an amino acid sequence 
as sat out in Figure 5, 6 or 9 (SSQ ID Hos: ?, 8, 9, 
10, 11 or 12) or the complementary DNA sequence 
thereto; and 

(c) a DNA eequence which hybridises under stringent 
conditions to any one of the DNA sequences defined 

in (a) or (b) j or 

(C) a recombinant transferrin receptor protein or 
fragment or analog thereof producible by a transformed 
host containing an expression vector comprieing a nucleic 
acid molecule aa defined in (A) or (B) and axpreesion 
seans operatively coupled to the nucleic acid molecule 
for expression by ths host of the recombinant tranaferrin 
receptor protein or fragment or analog thereof; 

and a pharmaceutical ly acceptable carrier therefor, aaid 
st least one active component producing an immune 
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reeponee when adainleter d to i host, 

23. X method f r generating an icaune raaponaa In a 
hoat, comprising adainietering to the hoat an 
iaaunoeffective anount of tha taaunogenic compoeition of 
claia 22. 

24. A method of deteraining tha preeence, in a aaapla, 
of nucleic acid ancoding a tranaferrin racaptor protain 
of a atrain of Mormxmllm, comprising tha steps of t 

(a) contacting tha saaple vith tha nuclaic acid 
molecule of claia l or 6 to produoa duplexes comprising 
tha nuclaic acid nolacula and any said nuclaic acid 
aolecule ancoding tha tranaf arrin racaptor protain of a 
atrain of Mormxmlla preeent in tha sample and 
specifically hybridizable tharawith; and 

(b) determining production of tha duplexes. 

25. A diagnostic Xit for deteraining tha preeence, in a 
aaapla, of nuclaic acid ancoding a tranaf arrin racaptor 
protain of a atrain of Mormxmllm, ccapriaing: 

(a) tha nuclaic acid oolacula of claia i or 6; 

(b) Beans for contacting tha nuclaic acid molecule 
with tha aaapla to produca duplaxaa coapriaing tha 
nuclaie acid nolacula and any .said nuclaic acid present 
in tha aaapla and hybridieable vith the nuclaic acid 
molecule; and 

(c) aaans for deteraining production of the 
duplexes. 
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K» purifiad and isolatad nu 1 ie acid aolaculaa ara 

providad whieh ancoda tranafarrin raeaptor protalna of 
Movaxmllm, such aa tf. catarraalia or a frao>— it or an 
5 analog of tha tranafarrin raeaptor protain. Tha nuclaic 
aaid aaquanca say ba uaad to produea recombinant 
tranafarrin raeaptor protaina Tbpl and Tbp* ot tha atrain 
j&c* of MoraraJJa fraa of othar protaina of tha Mormxmllm 

jT^S atrain for purpoaaa of diagnoatica and nadical traatmant. 

10 rurtharaora, tha nuclaio acid aolacula may ba uaad in •„ a 
| diagnoaia of infoetion. 
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oelow named invtntor, X hereby declare thati 

My residence, post office address and citizenship are as stated below next to 
my niot; 



I believe I am tha original, first and joint invantor of the subject matter 
which is claimed and for which a patent ia sought on tha invention entitled i 
TRANSFERRIN RECEPTOR OEMEB OF MORAXKLIA, the specification of which ia attached 
hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified apecif ication, including the claims, as amended by any amendment 

referred to above. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal 
Regulations, S. 1.56 (a). 

I hereby claim foreign priority benefits under Title 35, United States Code, 
S.119 of any foreign application ( s ) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or 
inventor's certificate having a filing date before that of the application on 
which priority is claimed: 



Prior Foreign Application ( s ) 



Priority Claimed 
Yes No 
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(Number) 



(Country) 



(Day /Month/Year Filed) 



I hereby claim tha benefit under Title 35, United States Code, S.120 of any 
United States application s > listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, 
United States Code, S.112, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, S. 1.56(a) which 
occurred between the filing date of the prior application and the national or 
PCT international filing date of this application: 



(Appln. Serial No.) 



(Filing Date) 



(Status) 
(patented, pending, abandoned) 
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I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that wilful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such wilful 
false statements may jeopardize the validity of the application or any patent 
issued thereon. 

I hereby appoint the following attorney (s) and/or agent (s) to prosecute this 
application and transact all business in the Patent and Trademark Office 
connected therewith: 

Peter W. McBurney, Reg. No. ,iSUi2; Michael I. Stewart, Reg. No. 2A»973; Thomas 
T. Rieder, Reg. No . -22^a&2 ; Roger T. Hughes, Reg. No. 3&»2S5; John H. Woodley, 
Reg. No_2X*JQa3; Stephen J. Perry, Reg. No. 33 . 1 m Patricia A. Rae, Reg. No. 
33.570 and David A. Ruston, Reg. No. 34,495, 
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Tra ad eaqueaoe £ If. catarrtaJis 4223 tbpA gene 



TATTTTX3ACAAGCTATACACTAAAATCAAAAATT^ 



TATTITGGTAAACAATTAAGTTCTTAAAAACGATACA^ 



TTGATGCCTGC^TGTGATTaGTTGGCOTGTATCOGTGTAT^^ 



27 54 
ATG ^ TCA m CAA AAC AAC AAA TCC AAA AAA TCC AAA CAA GTA TTA AAA 

MET Asr. Gin Ser Lys Gin Asn Aen Lys Ser Lys Lye 3er Lys Gin V&l Leu Lys 



81 109 
CTT AGT 3CC TTG TCT TTG GGT CTG CTT AAC ATC ACG CAG GTO GCA CTG OCA AAC 
Leu Ser Ala Leu Ser Leu Gly Leu Leu Aan lie Thr Gin Val Ala Leu Ala Aan 



135 162 
ACA ACG GCC GAT AAG GCG GAG GCA ACA GAT AAG ACA AAC CTT GTT GTT GTC TTG 
Thr Thr Ala Asp Lys Ala Glu Ala Thr Asp Lys Thr Asn Leu Val Val Val Leu 

169 216 
GAT GAA ACT GTT GTA ACA GCG AAG AAA AAC GCC CGT AAA GCC AAC OAA GTT ACA 
Asp Glu Thr Val Val Thr Ala Lys Lye Aan Ala Arg Lys Ala Asn Glu Val Thr 



243 270 
GOG CTT GOT AAG GTG GTC AAA ACT GCC GAG ACC ATC AAT AAA OAA CAA GTO CTA 

Gly Leu Gly Lys Val Val Lys Thr Ala Glu Thr He Asr. Lys Glu Gin Val Leu 



297 324 

AAC ATT CGA OAC TTA ACA CGC TAT OAC CCT OOC ATT OCT GTO GTT OAO CAA GGT 

Aan lie Arg Asp Leu Thr Arg Tyr Asp Pro Gly He Ala Val Val Glu Gin Gly 

351 37; 

CGT GOG OCA AOC TCA GGC TAT TCT ATT COT GGT ATO GAT AAA AAT COT GTO GCG 

Arg Gly Ala Ser Ser Gly Tyr Ser He Arg Gly MET Asp Lys Asr. Arg Val Ala 



405 432 
OTA TTG GTT OAT OOC ATC AAT CAA GCC CAO CAC TAT GCC CTA CAA GOC CCT GTO 

Val Leu Val Asp Gly lis Asn Gin Ala Gin Kis Tyr Ala Leu Gin Gly Pro Val 



08/ 6iauv)9 



459 « 8 « 
a~ a%x AAT TXT OCC OCA OCT 000 OCX XTC XXC OXX XTA OXX TXC GAA AAT 

Giy £n 5S S SS Oly Oly Ala He Aen Glu lie Olu Tyr Olu Aen 

513 540 

K3C T^ C GTT GAG ATT ACT AAA GOT OCA AAT TCA AGT GAA 7AC GGC TCT GOO 
Si Si S*t 5E oTu .xS S.r Lye Oly Ala Aan Ser Ser Ola Tyr Oly Ser O.y 

567 594 

GCA T-A TCT GGC TCT G7G GCA TTT GTT ACC AAA ACC GCC OAT GAC ATC ATC AAA 
£a Leu Ser Gly Ser Val Ala Pha val Thr Lye Thr Ala Aep Aep He lie Lye 

-621 - «* 8 

GAT GGT AAA GAT TGG GGC GTG CAS ACC AAA ACC GCC TAT OCC AGT AAA AAT AAC 
tel Sty tye £? Trp Oly Val Oln Thr Ly. Thr Ala Tyr Ala 8er Ly. Aen At. 

675 702 
GCA TGG GT* r AAT TCT GTG GCA GCA GCA GGC AAG GCA GOT TCT TTT A3C GOT CTT 
< Si S? Sal Asn Ser Val Ala Ala Ala Gly Lys Ala 3ly Ser Pne Ser G.y Leu 

729 758 
ATC a-C TAC ACC GAC CGC CST GGT CAA GAA TAC AAG GCA CAT GAT GAT OCC TAT 
j ill ill Tyr Thr A? Arg Arg Gly Gin Glu Tyr Ly. Ala Hi. Aep Aep Ala Tyr 



783 81° 
• CAG GG- AGC CAA AC-T TTT GAT AGA GCG GTO GCA ACC ACT GAC CCA AAT AAC CGA 
i Gin Sj Se? Gin Ser Phe Asp Arg Ala Val Ala Thr Thr Aep Pro Aen Asn Arg 
J 

837 864 

-'• ACA TTT TA ATA GCA AAT GAA TGT GCC AAT GGT AAT TAT GAG GCG TGT GCT OCT 
J Tnr* 2u lie Ala Asn Glu Cys Ala Asn Gly Aen Tyr Glu Ala Cys Ala Ala 

891 918 
GGC GGT CAA ACC AAA CTT CAA GCC AAG CCA ACC AAT GTG C3T GAT AAG GTC AAT 

■ §l£ §?y Gin Thr Lye Leu Gin Ala Ly. Pro Thr Arc Val Arg Asp -ye Val Aen 

j 945 972 

-TC AAA GAT TAT ACA GGT CCT AAC CGC CTT ATC CCA AAC CCA CTC ACC CAA GAC 

■ vll Lye Asp Tyr Thr Sly Pre Aen Arg Leu He Pre Aen Pro Leu Thr Gin Aap 

999 1026 

— , AGC AAA TCC TTA CTC CTT CGC CCA GGT TAT CAG CTA AAC GAT AAG CAC TAT GTC 
IS Lyt Ser Su Leu Leu Arg Prs Gly Tyr Gin Leu Ann Asp Lys Hi. Tyr Val 
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1053 1080 
J ' GGT *TG TAT OAA ATC ACC AAA CAA AAC TAC OCC ATO CAA OAT i*AA ACC CTO 

Gly Gly Val Tyr Glu He Thr Lya Gin Aen Tyr Ala MET OJn A»p Lye Thr Val 

1107 113* 
CCT GCT TAT CTG ACG GTT CAT GAC ATT GA* AAA TCA AGO CTC AGC AAC CAT GCC 
Pro Ala Tyr Leu Thr Val Hia Asp lie Glu Lya Ser Arg Leu Ser Aan Hia Ala 

1161 nee 
CAA GCC AAT G3C TAT TAT CAA GGC AAT AAT CTT GGT GAA CGC ATT CGT GAT ACC 
Gin Ala Aen Gly Tyr Tyr Gin Gly Aan Asn Leu Gly Glu Arg lie Arg Aep Thr 



1215 1242 
ATT GOG CCA GAT TCA GGT TAT GGC ATC AAC TAT GCT CAT GGC GTA TTT TAT GAT 
He Gly Pro Asp Ser Gly Tyr Gly He Aen Tyr Ala Hie Gly Val Phe Tyr Aep 



1269 1296 

~- GAA AAA CAC CAA AAA GAC CGC CTA GGG CTT GAA TAT GTT TAT GAC AGC AAA GGT 
- Glu Lys His Gin Lys Aep Arg Leu Gly Leu Glu Tyr Val Tyr Asp Ser Lya Gly 



1323 1350 
GAA AAT AAA TGG TTT GAT GAT GTG CGT GTG TCT TAT C-AT AAG CAA GAC ATT ACG 
GlU Asn Lys Trp Phe Aap Aep Val Arg Val Ser Tyr Asp Lye Gin Aep lie Thr 



1377 1404 
v ' CTA CGC AGC CAG CTG ACC AAC ACG CAC TGT TCA ACC TAT CCG CAC ATT GAC AAA 
Leu Arg Ser Gin Leu Thr Aan Thr Kia Cys Ser Thr Tyr Pro Hie He Aep Lye 



1431 i45s 

• •* AAT TGT ACG CCT GAT GTC AAT AAA CCT TTT TCG GTA AAA GAG GTG GAT AAC AAT, 

Asn Cys Thr Pro Asp Val Asn Lye Pro Phe Ser Val Lys Glu Val Aep Aan Asn 

1485 1512 

* - : GCC TAC AAA GAA CAG CAC AAT TTA ATC AAA GCC GTC TTT AAC AAA AAA ATG GCG 

-.Ala Tyr Lys Glu Gin Kis Asn Lau He Lya Ala Val Phe Aan Lye Lys MET Ala 

1539 1566 
TTG GGC ACT ACG CAT CAT CAC ATC AAC CTG CAA GTT GGC TAT GAT AAA TTC AAT 
Leu Gly Ser Thr His Hia Kis He Asn Leu Gin Val Gly Tyr Aap Lye Phe Aen 



I 1593 1620 

-CA AGC CTG AGC CGT GAA GAT TAT CGT TTG GCA ACC CAT CAG TCT TAT CAA AAA 
Ser Ser Leu Ser Arg Glu Aap Tyr Arg Leu Ala Thr His Gin Ser Tyr Gin Lye 
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1647 1«Z« 
CTT 'AC ACC CCA CCA ACT AAC CCT TT3 CCA GAT AAO TTT AAO CCC ATT TTA 

Leu Tyr Thr ?ro Pro Ser Asn Pro Leu Pro A«p Lye Phe Lye Pro He Leu 

1701 l ' 2 * 
r-r .^r jj^ CCC ATT TGC CTT GAT OCT TAT C-3T TAT GGT CAT OAC CAi 

S5 S Sir. A^n Si Pro XI. eye Leu Aep Ala Tyr Qly Tyr oly Ki. Aep Mia 

1735 "83 
CCA CAG GCT TGT AAC GCC AAA AAC AG- ACT TAT CAA AAT TTT GCC ATC AAA AAA 
Fro Sin Ala Cys Aen Ala Lye Aen Scr Thr Tyr Gin Ae= ?iit Ala lie x,ys Lye 

GGC ATA GAG CAA TAC AAC CAA AAA ACC AAT ACC GAT AAG ATT SAT TAT CAA GCw 
lie Glu Gin Tyr Asr. Gin Lye Thr Aen Thr Aep Lye lie Aep Tyr Gin Ala 

1863 16 *° 
ATC ATT GAC CAA TAT GAT AAA CAA AAC CCC AAC AGC ACC CTA AAA CCC TTT GAG 
lie lie Asp Gin Tyr Aep Lye Gin Aer. Pro Asr. Ser Thr Leu Lye Pro Pne olu 

1917 1944 
AAA A-C AAA CAA AGT TTG GGG CAA GAA AAA TAC AAC AAG ATA GAC CAA CTT GGC 
Lye lie Lye Gin Ser Leu Gly Gin Glu Lye Tyr Aan Lye He Asp Olu -»u „ly 

1971 19 j|8 
IT- AAA GCT "AT AAA SAT TTA CGC AAC GAA TGG GCG GGT TOG ACT AAT GAC AAC 
?he Lys Ala Tyr Lys Asp Leu Arg Aan Glu Trp Ala Gly Trp Thr Aen Asp Asr. 

1 * 

202S 2052 

•• AGC CAA CAA AAT GCC AAT AAA GGC ACC GAT AAT ATC TAT CAG CCA AAT CAA GCA 

v ser Gl? Gin Aen Ala Asr. Lye Gly Thr Aep Asr. He Tyr Q\n Pro Asn Gin Ala 



2C79 2108 
; * — ff*G GTC AAA OAT GAC AAA TGT AAA TAT AGC GAS ACC AAC AGC TAT GCT GAT 
Tta vS Sal iyi Aap Asp Lye Cys Lye Tyr Ser Glu Thr Asn Ser Tyr Ala Aep 

• 2133 2lS0 

TGC ^CA ACC ACT CGC CAC ATC AGT GGT GAT AAT TAT TTC ATC GCT TTA AAA GAC 
eye" Ser Thr Thr Arg Hie lie Ser Gly Asp Aen Tyr Phe He Ala Leu Lye Aep 

2187 2214 
*&A" ATG ACC ATC AAT AAA TAT GTT GAT TTG GGG CTG GGT 3CT CGC TAT GAC AGA 
£n Jet Thr lie" Asr. Lye Tyr Val Aep Leu Gly Leu Gly Ala Arg Tyr Aep Arg 
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2241 

■ ATC CAC AAA TCT OAT OTO CCT TT3 OTA OAC AAC 

. lie Kie Lya Ser Aap Val Pr Leu Val Aap Aon 



2295 

TCT TG3 AAT TIT GGC GT3 GTC 3TC AAG CCC ACC AAT 
Ser Trp Aan ?he Gly Val Val Val Lye Pro 7hr Aan 



2349 

AGA AGC TCG CAA OGC TTT CGC AT'J CCA AGT TTT TCT 
Arg Ser Ser Gin Gly Fhe Arg MET Pro Ser Phe Ser 



2403 

TTT GGC GTA ACC ATC GOT AAA GGC ACG CAA CAT GOC 
r'y'r', ?be Oly Val Thr lie Gly Lve Gly Thr Gin Hie Gly 

\ '4 

J r-.'-.-v-j 2457 

V^*- ATT TGT GAG CAG ACT GTC CAT CAA ACC AAG CTA AAA 
* lie Cvs sin Gin Thr Val Kis Gin Thr Lya Leu Lys 



22«e 

AOT OCC AGC AAC CAG CTG 
Ser Ala Ser Aan Gin Leu 



2322 

TOG CTG GAC ATC GCT TAT 
Trp Leu Asp He Ala Tyr 



2376 

GAA AT3 TAT GOC GAA COC 
Glu MET Tyr Oly Glu Arg 



2430 

TGT AAG GGT CTT TAT TAC 
Cya Lya Oly Leu Tyr Tyr 



2464 

CCT GAA AAA TCC TTT AAC 

Pro Glu Lye Ser Fhe Aan 



CAA GAA ATC G3A SC3 ACT TTA 
Gin Glu lie Gly Ala Thr Leu 



TTT AAA AAT CGC TAT ACC GAT 
Phe Lys Aen Arg Tyr Thr Aap 




;.• CTA ACC CAA GGT GAT AAT GCA 
; Leu Thr Glr. Gly As? Aen Ala 



CAT AAT GGA CAA GAT GCT GAT 
' Hia Aan Gly Gin Asp Ala Aap 



CTA AAC GCT GTC AAT AGT CGC 
Leu Aan Ala Val Aen Ser Arg 



2511 2538 
CAT AAC CAC TTA GGC AGT CTT GAG GTT AGT TAT 
His Aan Hia Gly Ser Leu Glu Val Ser Tyr 



2565 2532 
TTG ATT GTT GGT AAA AGT GAA GAG ATT AGA ACC 
Leu lie Val Gly Lys Ser Glu Glu He Arg Thr 



2619 2646 
GGC AAA CA3 CGT GGT AAA GGT GAT TTG GGC TTT 
Gly Lye Gin Arg Gly Lys Gly Aap Leu Gly Phe 



2673 270C 
TTG ACA GGC ATT AAC ATT CTT GGC AGA CTT GAC 
Leu Thr Gly He Aan He Leu Gly Arg Leu Asp 



2727 2754 

CTT CCC TAT GCA TTA TAC TCA ACA CTG GCT TAT 
Leu Pro Tyr Gly Leu Tyr Ser Thr Leu Ala Tyr 



2781 2808 



1 'AAC AAA GTT GAT GTT AAA GGA AAA ACC TTA AAC CCA ACT TTG GCA OGA ACA AAC 

Aan Lya Val Aap Val Lye Gly Lya Thr Leu Aan Pro Thr Leu Ala Gly Thr Aan 
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2935 2662 
.... , . P a,.,. acc XI C CAG CCA TCT CGT TAT 070 CTG OCO CTT GGC TAT OAT 

-As I ,e 25 IlS Gin Pro Ser Arg Tyr val Val Gly Leu Sly Tyr Asp 

2689 2916 



i ■ rra ^-c T 3G 33A CCA AAC GCC ATA TTT ACC CAT TCT GAT GCC AAA 

* ' * Fro &£ c£ 555 S? Gly Ala At. Ala He Phe Thr Hia Ser Asp Ax. Ly. 



.-i 



Ax J 

2943 2970 
AA~ CCA *GC GAG CTT TTG GCA GAT AAG AAC TTA GGT AAT GC-C AAC ATT CAA A=A 
Asr. ?ro Ser SS Leu Leu Ala As? Lys Mn leu Gly A*r. Gly Am He G*a Ttr 

2997 ' 22 « 
ait =AA A"C AAA GCA AAA TCC AC 3 CCG TGG. CAA ACA CTT_ GAT TTC- TCA 037 

J£ =tn Ala '?£ Lyt Ala Lye Ser Thr Pre Trp Gin Thr Leu A* P Leu Ser G:y 

3051 3078 

r <—ti— -rx aac A-A AAA GAT AAT TTT ACC TT3 CGT GC: GGC C-TG TAC AAT 37* TTT 
zyr Xr. zi* l£ A-? Aar. Phe Thr L*u Arc Ala Gly Val Tyr A» Val Phe 

3105 3132 
i nrr TV "W AC ACT T3G CAS GCT TTA CSC CAA ACA GCA GAA GC-G GC3 G7C 

_ XJ- Jjc jy' T ?hr Thr S? Olu Ala Leu Arg Gin Thr Ala Glu Gly Ala Val 



3159 3165 



r>~ i c&A SAT AAG CAT TAT GGT CSC TAT GCC GCT CCT 

%l §R Sts Thr Leu S£ Gin £p & Tyr Gly Axg Tyr Ala Ala Pre 



3213 

• GGA CGC AAT TAC CAA TTC JCA CTT GAA ATC AAG TTT TAA 
r--' ■ Gly Arc Asn Tvr Gin Leu Ala Leu Glu MET *//a Phe . 
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Mgura t. Translated a quane* f M. catarrhal ia 4223 tbpB gi 



GTAAATTCSCCGTATTTTGTCTATCAT^ 
TGTCAGCATGCCAAAATAGCCATCAACAOACTTTTTT^^ 

37 54 

ATG AAA CAC ATT CCT TTA ACC ACA CT5 TQT 3T3 GCA ATC TC7 CCC GTC TTA TTA 
MET Lye Hie lie Pro Leu Thr Thr Lea Cya Vai Ala He Ser Ala Val Leu Leu 

Bl 108 

ACC GTT TGT GGT GGC AGT G5T GGT TCA AAT CCA CCT GCT CCT ACG CCC ATT CCA 
Thr Ala Cys Sly Gly Ser Gly Gly Ser Aan Pro Pre Ala Pro Thr Pro He Pro 

135 162 
AAT GCT AGC GGT TCA GGT AAT ACT GGC AAC ACT GGT AAT GCT GGC GGT ACT GAT 
Asa Ala Ser Gly Ser Gly Asn Thr Gly Asn Thr ?ly Aen Ala Gly Gly Thr Asp 



185 21$ 
AAT ACA GCC AAT GCA GGT AAT ACA GGC GGT ACA AAC TCT GGT ACA GGC AGT CCC 
A&n Thr Ala Aen Ala Gly Aen Thr Gly Gly Thr Asn Ser Gly Thr Gly Ser Ala 



243 270 
AAC ACA CCA GAG CCA AAA TAT CAA GAT GTA CCA ACT GAG AAA AAT GAA AAA GAT 
Asn Thr Pro Glu Pro Lye Tyr Gin Asp Val Pre Thr Glu Lya Aen Glu Lye Asp 

297 324 
AAA GTT TCA TCC ATT CAA GAA CCT GCC ATG GGT TAT GGC ATG GCT TTG AGT AAA 
Lye Val Ser Ser He Gin Glu Pro Ala MET Gly Tyr Gly MET Ala Leu Ser L,va 

351 378 
ATT AAT CTA CAC AAC CGA CAA GAC ACG CCA TTA GAT GAA AAA AAT ATC ATT ACC 
He ASH Leu Hie Aen Arc Gin Asp Thr Pro Lau Ann Olu Lva Aen He He Thr 



J 405 432 

• ; TTA GAC GGT AAA AAA CAA GTT GCA GAA GGT AAA AAA TCG CCA TTG CCA TTT TCG 
. Leu Aep Gly Lya Lya Gin Vai Ala Glu Gly Lya Lya Ser Pro Leu Pro Phe Ser 



- — 4S9 486 

; iTTA GAT GTA GAA AAT AAA TTG CTT GAT GGC TAT ATA GCA AAA ATG AAT GTA GCG 

Leu Asp Val Glu Asn Lys Leu Leu Aep Gly Tyr Ha Ala Lye met val Al^ 

t 
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^ CCC ATT OCT GAC AOA Si AAG AAA OCT AAT AAA GAA ATC TCC SS 



SS7 " 4 

► ... rrr "OT AAA AOC CAT OAO TTT CAG 

; : •;. ssssss £ gs:s & ?s & & ~ ~ - «* ° i ° 

€48 

( .. , - & s £ ass* i - £ 5 5 35 - 22 sit 




756 

B 3 a? £ 25 & S £ h % % 25 5 S 25 S ffi 



■ 783 
>■ rrr xcx AC a ACC 3CC AAA GAG TTG CCC ACA 

t-j "g SI? £ V & S5 & Thr V.a I*. Glu «. fx, T*r 



„ SJ ITT ATG ACC GAT GTT GCC AAC 



810 
CAA GAT 
GIr. Asp 

864 

AC-A AGA 
frra Arg 



891 

; • ~ ~ ?? ~ g» & §5 5£ S 

*^ 945 

~ rvr t^ta \CT AAA GAA GAC TC7 GCC 

E "sS 52 2? S5 25 ? te ei. « *~ ai. 



918 

GGA GCA 
Gly Ala 



972 
CCT GAT 
Pro Asp 



1026 
AAG GAA 
Lya Glu 



1080 

Lya ^ys ue«i i .^t j **r 



K<3 
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1107 1134 
3TT *' NA ACC GAA COC TAT GAC ATC GAT GCC AAT ATC CAC OGC AAC CGC TTC 
Val 1 a Thr Glu Arg Tyr Asp lie Aap Ala Aan 11* Hi» Gly Aar. Arg Phe 

1161 USB 
C3T 3GC AST GCC ACC OCA AOC AAT AAA AAT GAC ACA AGC AAA CAC CCC TTT ACC 
Arg Gly Ser Ala Thr Ala Sar Aan Lya Aan Asp Thr Ser Lya Kla Pro Phe Thr 



4\ 



1215 1242 
ACT GAT GCC AAC AAT AGO CTA GAA GOT GGT TTT TAT GGG CCA AAA 30 C GAG GAG 
Ser Asp Ala Aen Aan Arg Leu Glu Gly Gly Phe Tyr Gly Pro Lyo Oly Glu Glu 

1269 1296 
CTG GCA GGT AAA TTC TTA ACC AAT GAC AAC AAA CTC TTT GGC GTC TTT GGT OCT 
Leu Ala Gly Lya Phe Leu Thr Aan Asp Aan Lya Leu Phe Gly Val Phe Gly Ala 



1323 1350 
~ " 1 AAA CGA GAG AGT AAA OCT GAG GAA AAA ACC GAA GCC ATC TTA GAT GCC TAT GCA 
n» Lya Arg Glu Ser Lya Aia Glu Glu Lyo Thr Glu Ala He Leu Aap Ala Tyr Ala 

1377 14C4 
CTT GGG ACA TTT AAT ACA AGT AAC GCA ACC ACA TTC ACC CCA TTT ACC GAA AAA 
Leu Gly Thr Phe Ash Thr Ser Aan Ala Thr Thr Phe Thr Pro Phe Thr Glu Lye 

1431 1453 

'/''."' CAA CTG GAT AAC TTT GGC AAT GCC AAA AAA TTG GTC TTA GGT TCT ACC GTC ATT 
. Gin Leu Aan Aan Phe Gly Aan Ala Lys Lya Leu Val Leu Gly Ser Thr 7a i Ha 

.v-. 1485 1512 

Vv GAT TTG GTG CCT ACT GAT GCC ACC AAA AAT GAA TTC ACC AAA GAC AAG CCA GAG 
■;'*-•-' Aap Leu Val Pro Thr Aap Ala Thr Lya Aan Glu Phe Thr Lya Aap Lya Pro Glu 



1539 1566 
-•"■*> TCT GCC ACA AAC GAA GOG GGC GAG ACT TTG AT3 GTG AAT GAT GAA GTT AGC GTC 
~ Ser Ala Thr Asr. Glu Ala Gly Glu Thr Leu XET Vai Aan Aan Glu Val Ser Val 



y^—*. 1593 1620 

* -■: AAA ACC TAT GGC AAA AAC TTT GAA TAC CTA AAA TTT GGT GAG CTT AGT ATC GGT 
,. i,v S Thr Tvr Glv Lvs Ash Phe slu Lva Phe Gly Glu Leu Ser He Gly 



1647 1674 



~r^*&?r AGC CAT AGC GTC TTT TTA CAA GGC GAA CGC ACC GCT ACC ACA 03C GAG AAA 
> Gly Ser His Ser Val Phe Leu Gin Gly Glu Arg Thr Ala Thr Thr Gly Glu Lya 
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1701 



1726 



0( _ w OTA CCA ACC ACA OOC ACA OCC AAA TAT TTG GOG AAC TOG OTA G3A TAC ATC 
v Ala Val Pro Thr Thr Gly Thr Ala Lya Tyr Lau Cly Aan Trp Val Oly Tyr lie 



1755 



1782 



ACA GOA AAG GAC ACA GGA ACS G3C ACA GOA AAA AGC TTT ACC GAT GCC CAA GAT 
Thr Gly Lya Asp Thr Giy Thr Gly Thr Gly Lya Ser Phe Thr Aap Ala Oln Asp 



1009 



1836 



■ GTT GCT GAT TTT GAC ATT GAT TTT GGA AAT AAA TCA GTC AGC GOT AAA CTT ATC 
Val Ala Aap Phe Asp lie Asp Phe Gly Aan Lya Ser Val Ser Gly lye Leu lie 




1863 1890 
AC AAA GGC CGC CAA GAC CCT GTA TTT AGC ATC ACA GGT CAA ATC GCA GGC AAT 
Thr Lye Gly Arg Gin Asp Pro *-al Phe Ser lie Thr Gly Gin He Ala Gly Aen 

1917 1944 
5GC TG3 ACA GGG ACA GCC AGC ACC ACC AAA GCO GAC GCA GGA GGC TAC AAG ATA 
__J oly irp Thr Gly Thr Ala Ser Thr Thr Lys Ala Asp Ala 3ly Oly Tyr Lya Ha 

1971 1998 
GAT ~CT AGC AGT ACA GGC AAA TCC ATC GCC ATC AAA GAT GCC AAT GTT ACA GGG 
Asp Ser Ser Ser Thr Gly Lya Ser lie Ala He Lya Aap Ala Asn Val Thr Gly 

202S 2052 

- GGC TTT -AT GGT CCA AAT GCA AAC *»AG ATG C-OC GGG TCA TTT ACA CAC AAC GCC 

- Gly Phe Tyr Gly Pre Aan Ala Aan Glu MET Gly Gly Ser Phe Thr His Aan Ala 

.J 

■:; 2079 2106 

GAT GAC AGC AAA GCC TCT GTG 3TC TTT GGC ACA AAA AGA CAA CAA GAA GTT AAG 
Aap Aap Ser Lya Ala Ser Val Val Phe Gly Thr Lya Arg Gin Gin Glu Val Lya 

J 
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^o :w rc 2so 29c jo? 
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370 330 39C 403 413 W 
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GLY LYS VA. .Y3 TK> Aj ^ til AW -~ GU 3L* f** L£w ASK IL' 4*G AS 3 
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1C30 1C50 2060 i:70 1080 
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?rc ziic 2ix 2200 22:: 22:3 

4£ & GLJ ID) M AT ISP tffl ^ ASli s» u an ^ u m ir tm 

C3tA4t6AAT;3fiCGGfiT*fiCU:AATC*:AACACCtAACAAA«CGCCAA*\AA4CCAe« 
2235 22*0 225C 226C ZPt »0 

AS? ASX "Y* GLt ?50 A3* \ * ALA 1* VAl V*. .YS AS* ASF Li'S OS *.n *V» UP 

yATAAT*TCTA*CAC;CAAATC-*CCA*CT3 T flGTCAAASATiACAAATQTAAA-ATAaC 
2290 2*0 n:0 B2C »0 2340 
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nso 2363 7170 230 «c 
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2533 2*0 2K0 25« 2570 2585 
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ri: 2*20 2/3C no 2rso rsc 

"IS ASH LEJ Stl -ib 3JJ VAi $01 1« K 1« A» ARC TW Ai? l£j -it 

CA'*ACCA*CTT4GGCAG-CT t CASS ,p TaGT t ATTT-^AAAATC3C:ATACCGATTTGATT 
S70 27M 7730 2800 2810 

VAL 3l> t f5 SER 3LU Ol Il£ A« YW IB* ?W XY AS- ASH ALA 3.Y 1*3 X* A»G 
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xrr. 3cw sow »ca 5uj 3^0 

:cr SO aN L^ ^ X^ Ail AS:, AU III T>* HIS SO ASP ALA l« PW SO 

rCAAGCCAAAAA-aSGoAGCAAACGCCATATTrACCCATrC'GATGCCAAAAATCCAAGC 
3130 3140 US: 3160 3170 3MC 

GLJ -£U LEV A* * AS* Lrt ASA LtU SLY ASH Xf Atl 1L£ CU« W LtS W OA TW IT! 
GA-C77TTS5:aGA7AAGAACTTA6G7AAT;;3CAa:A7TCAAACAAAA'. AA3CCACCAAA 
31X 3260 12i: 3220 3230 32Afl 
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Expression of rTbpl in E co// 




«-Tbp1 



1. Prestained molecular weight markers 

2. pLEM29B-1 lysate, non-Induced 

3. pLEM29B-1 lysate, 1 hr post-induction 

4. pLEM29B-1 lysate, 3 hr post-Induction 
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Purification of Tbpl from £ coll 



Whole Celb 



TWNs&AEBSF 
20,969 g, 39 min 



PPTi 



" 1 

Supernatant 



TtitSTriton X-100/EDTA 
20,009$, SO min 



PFT2 



1 

Supernatant 



Tr&mrta/DTT 
29,906 1, 30 ml* 



1 



PPT3 



Solubilization 



Supernatant 



Soperdex 200 
Gel filtration 
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Purification of rTbpl from E. co// 




1 2 3 4 6 6 7 



1. £. co// Whole calls 

2. Soluble proteins after 6C mM Trie/ NaCI extraction 

3. Soluble proteins after Tris/ Triton X-1007 EDTA extraction 

4. Soluble proteins after Tris/ urea/ DTT extraction 
6. Left-over pellet (rTbpl inclusion bodies) 

6.7. Purified rTbpl 
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